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CCSDS RECOMMENDATION FOR PACKET TELEMETRY

STATEMENT OF | NTENT

The Consultative Commttee for Space Data Systens (CCSDS) is an
organi zation officially established by the managenent of seven
menber space Agencies. The Committee nmeets periodically to address
data systens problens that are common to all participants, and to
formul ate sound technical solutions to these problens. I nasmuch as
participation in the CCSDS is conpletely voluntary, the results of
Commttee actions are ternmed RECOMMVENDATI ONS and are not considered
bi ndi ng on any Agency.

This RECOMVENDATION is issued by, and represents the consensus of,
t he CCSDS Pl enary body. Agency endorsenent of this RECOMVENDATI ON

is entirely voluntary. Endor senent , however, i ndicates the
fol I ow ng under st andi ngs:

0 Whenever an Agency establishes a CCSDS-rel ated STANDARD, this
STANDARD wi Il be in accord with the rel evant RECOMVENDATI ON.
Establ i shing such a STANDARD does not preclude other provisions
whi ch an Agency may devel op.

0 Whenever an Agency establishes a CCSDS-rel ated STANDARD, the

Agency will provide other CCSDS nenber Agencies wth the
follow ng information:

-- The STANDARD itself.
-- The anticipated date of initial operational capability.
-- The anticipated duration of operational service.

0 Specific service arrangenents shall be made via nenoranda of
agreenent. Neither this RECOMVENDATI ON nor any ensuing STANDARD
is a substitute for a nenorandum of agreenent.

No later than five years from its date of issuance, this
Recommendation will be reviewed by the CCSDS to determ ne whether it
should: (1) remain in effect w thout change: (2) be changed to

reflect the inpact of new technol ogies, new requirenents, or new
directions; or, (3) be retired or cancelled.
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CCSDS RECOMMENDATION FOR PACKET TELEMETRY

FOREWORD

This docunment is a technical Recomendation for use in devel oping
packetized telenmetry systens and has been prepared by the
Consultative Conmttee for Space Data Systenms ( DS) . The Packet
Tel emetry concept described herein is the baseline concept for
spacecraft-to-ground data communication within mssions that are
cross-supported between Agenci es of the CCSDS.

Thi s Recomrmendati on establishes a conmon framework and provides a
common basis for the data structures of spacecraft telenetry
st reans. I't allows inplenenting organizations within each Agency to
proceed coherently wth the developnment of conpatible derived
Standards for the flight and ground systens that are within their
cogni zance. Derived Agency Standards may inplenent only a subset
of the optional features allowed by the Reconmendation and may
incorporate features not addressed by the Recommendati on.

Through the process of normal evolution, it is expected that
expansion, deletion or nodification to this document nay occur.
This Recommendation is therefore subject to CCSDS docunent
managenent and change control procedures which are defined in
Ref erence [1].
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CCSDS RECOMMENDATION POR PACKET TELEMETRY

1.1 PURPGCSE

The purpose of this docunment is to establish a common Reconmendati on
for the inplenmentation of spacecraft "Packet Tel emetry" systens by
the Agencies participating in the Consultative Committee for Space
Data Systens (CCSDS).

1.2 SCOPE

Packet Telenetry is a concept which facilitates the transm ssion of
space-acquired data fromsource to user in a standardi zed and highly
automated manner. Packet Telenmetry provides a nmechanism for
i mpl ementing common data structures and protocols which nay enhance
t he devel opnent and operation of space m ssion systens.

Thi s Recommendati on addresses the follow ng two processes:

(1) The end-to-end transport of space mission data sets from source
application processes |ocated in space to distributed user
application processes |ocated on the ground.

(2) The internediate transfer of these data sets through space data
acqui sition networks, which contain spacecraft, radio I|inks,
tracking stations, ground conmmunications circuits and m ssion
control centers as sone of their conponents.

This Recommendation is limted to describing the telemetry formats
whi ch are generated by the spacecraft in order to execute its role
in the above processes. The jointly-agreed CCSDS channel codin

mechani snms required to inplenent space-to-ground data links o

acceptable quality are defined in Reference [2]. Thi s
Recommendation therefore contains specifications for the follow ng
data structures:

(a) A SOURCE PACKET, which provides ﬁrotocol data formatting
services so that data my be exchanged between a source
application process in space and its associated user application
process{es) on the ground. The Source Packet format is defined
In Section 3. Opti onal SEGVENTATI ON data structures are al so
described which permt very long Source Packets to be
reformatted into shorter data units. The Segnentation options
are defined in Section 4.

| ssue-| PACGE | -1 May 1984



CCSDS RECOMMENDATI ON FOR PACKET TELEMETRY

(b) A TRANSFER FRAME, which facilitates movement of the packetized
or segmented source data through the spacecraft-to-ground
communications path. As an alternative to Segmentation, the
Transfer Frame also provides a mechanism to time-share the data
link between sources by creating logical VI RTUAL CHANNELS.. The
Transfer Frame format is defined in Section 5.

1.3 APPLI CABI LI TY

This Recommendation applies to the future exchange of Packet
Tel emet ry between CCSDS Agencies in cross-support situations. The
Recommendation includes comprehensive specification of the structure
of data streams that are generated by remote space vehicles for
telemetering to space mission data processing facilities (which are
usually located on Earth). The Recommendation does not attempt to
define the architecture or configuration of these data processing
facilities, except to describe assumed ground data handling services
which affect the selection of certain onboard formatting options.

The Recommendation specifies a wide range of formatting capabilities
which may facilitate a high degree of flexibility in the design of
spacecraft data acquisition systems; how ever, compatibility with
the Packet Telemetry concept may be realized by only implementing a
narrow subset of these capabilities. Some “Application Notes” which
discuss how different levels of compatibility may be achieved are
included in Annex E.

Issue-I PAGE 1-2 May 1984



CCSDS RECOMMENDATION FOR PACKET TELEMETRY

1.4 BI T NUMBERING CONVENTI ON AND NOVENCLATURE

The followi ng "Caution" should be observed when interpreting the bit
numbering convention which is used throughout this CCSDS
Recommendat i on:

(A2 SRS RS R AR R R AR RARSRER SRRt Rt RRRRS R

CAUTI ON

In this docunent, the follow ng convention is used to
identify each bit in a forward justified Nbit field.

The first bit in the field to be transmtted (i.z. the nost
left justified when drawing a figure) is defined to be "Bit
0"; the following bit is defined to be "Bit 1" and so on
up to "Bit NI". Wien the field is used to express a
bi nary value (such as a counter), the Mst Significant Bit
(MSB) shall be the first transmtted bit of the field, i.e.

*
*
*
*
*
*
*
*
*
*
*
*

"Bit 0" *
%*
*
*
*
*
*
*
*
*
*
*
*
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Bit NI
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_ First bit transmtted = MSB

* o o o o

I 2 R I R R R R R R R R R R RS R R R R S S R R R E R R R R R R R RSS2SR SRS AR S AR SRR R RS REE RS

In accordance with nodern data conmunications practice, spacecr af t
data fields are often grouped into 8-bit "words" which conform to
the above convention. Throughout this Recommendation, the follow ng
nonmencl ature is used to describe this grouping:

| . |
| "8-bit word®™ = ®Octet”]|
I |
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Figure 2-1 is a functional diagram of the telemetry data flow from
the creation of a data set by an application process operating
within a spacecraft “source” (instrument or subsystem), through to
the delivery of the same data set to a user “sink” (application
process) on the ground. Since many of the elements of this flow are
presently mission unique, a primary objective of Packet Telemetry
iIs to define stable, mission- independent interface standards for the
communications paths within the flow.

Data structures within a packet telemetry system are provided:

(a) To allow the user to optimize the size and structure of his
application data set with a minimum of constraints imposed by
the spacecraft-to-ground transport system. The user should thus
be able to define his data organization independently of other
users and to adapt this organization to the various modes of his
experiment

The data structure which enables this independence is the
telemetry Source Packet. User data are encapsulated within a
packet by prefacing them with a standard label or “primary
header”, which is used by the data transport system to route the
data through the system. A secondary header structure is
provided which enables more application-unique specification of
the user data.

(b} To allow the ground data acquisition system to capture the
packets in a standardized way, with a data-independent method of
performing packet reassembly and determination of data quality.
The data structure within the packet telemetry system for
achieving this is the Transf er Frame, which provides the
necessary header elements for extracting packets or segments
from the frame and allows optional error-detection coding for
deciding whether the frame handling process was error free.

Issue-I PACE 2-I May 1984
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UNSEGMENTED PROTOCOL: SEGMENTED PROTOCOL:
APLICAT- | R e e
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|
|
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|

I
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|

|
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I
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| |
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FI GURE 2-1. TELEMETRY DATA FLOW
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(c) To allow the spacecraft terminus of the data transport system to
be designed and tested without a detailed definition of all user
data organizations. This is particularly important since at the
time of specifying the onboard spacecraft data system design
this knowledge is usually not available from the experimenter,
and attempts to force an early agreement with present systems
of ten lead to non-optimum fixed-f ormat telemetry design.

Since most space communications systems are capacity-limited,
multiple users must be guaranteed access to the downlink data

channel. It is therefore important for the spacecraft to be
able to manage the data flow to the ground in an orderly manner.
For example, users who generate long packets could, if allowed

unrestricted access, monopolize the channel for long periods of
time, forcing increased buffer capacity and response time for

other users. This problem is solved by permitting two methods
for controlling data flow, namely:

(1) Virtual Channelization: This is a logical mechanism that
allows sources which generate very long packets to be
“virtually” given exclusive access to the physical data
channel by assigning them transmission capacity on a frame-
by-frame basis. The data structure used to implement this
feature is the "virtual Channel ..

Virtual channelization will normally be used to separate
sources of very different characteristics. For example, if
a payload contains an imaging instrument which produces a
regular scan line packet containing many thousands of bits,
and a number of processor-based experiments which
aperiodically generate smaller packets of processed data, a
possible system architecture would be to assign the imaging
instrument to one virtual channel and to handle the rest by
segmentation or direct multiplexing on a second virtual
channel.

(ii) Segmentation: Several optional mechanisms exist for
transmitting long source packets as a series of shorter
packets or segments, thus avoiding exclusive capture of the
channel by one source. Within one option a formal data
structure is introduced to implement this feature: this is
the "Telemetry Segment..

“Application Notes”, which describe how compatibility with these
various data structures may be achieved, are presented in Annex E.
Key elements of the rationale behind Packet Telemetry are presented
in Annex F.

Issue-|I PAGE 2-3 May 1984
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3 S O U R C E

A Source Packet encapsulates a block of observational and ancillary
application data which is to be transmitted from a data source in
space to a source analysis facility on the ground.

The Source Packet structure permits future “versions” of the data

structure to be defined, if required. The Version 1 Source Packet
format, which is shown in Figure 3-1, consists of the following four
major fields:

J1or ' Lenath (bitsg)

Primary Header 48

Secondary Header Variable (optional)

Source Data Variable

Packet Error Control 16 ( optional )
|]¢<——— PRIMARY HEADER ———>|
I I
{ I } VAVAN

| I } | J

I PACKET I PACKET |PACKET| SECONDARY | SQURCE  |PACKET |
| IDENTIFICATION | SEQUENCE ILENGTH|  HEADER | DATA [ERROR |
I | CONTRCL I | (OPTIONAL) | | CONTRCL |
! | I I | (OFT.) |
I[Vers|s|Sec. |Applic. | Segment. | Source | | (May contain: | I !
|-ionl|ptHdr. |Process{Flags  |Sequence | | * SC Time | I |
| ¢ lalFlag] @ {Count | | * Packet | | |
I lrl I | I | Format | ! |
| lel | I | | * Ancillary | | I
| Il I | I |  Data) | I I
T b R O A ) |14 I I I I
! I} I I | I VAVANEER! I
{000 I | | } I
I 16 I 16 | 16 | (Variable) | (Variable) | (16) |

FI GURE 3-1: VERSI ON 1 ' SOURCE PACKET. FORMAT
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3.1 PRI MARY HEADER

The primary header consists of 48 bits subdivided into the follow ng
fields:

o] | :
PACKET IDENTIFICATION . . . . . . . . . 16

- Version Number (3)

- Reserved Spare (1)

- Secondary Header Flag (1)

- Application Process ID (11)

PACKET SEQUENCE CONTROL . . . . . . . 16

- Segnent ati on Fl ags (2)

- Source Sequence Count (14)

PACKET LENGTH . . . . . . . . . . .. ... .. 16
48
3.1.1 Packet Identification _(l6 bits). This 16-bit field is

separated into four subfields:

(a) Version Nunber (Bits O through 2).

The Version Nunber occupies the three nost significant bits of
t he packet Primary Header. By changing the Version Nunber,
future variations of the Source Packet structure becone

possi bl e. AT PRESENT, ONLY TWO VERSIONS OF TEE PACKET ARE
PERM TTED:

« "Version 1" (Bits O2 = 000) is the conplete telenmetry Source
Packet format, which is described in the renmai nder of Section
3.

* "Version 2" (Bits O2 = 100) is the Telenmetry Segnent fornat,
which is described in Section 4.

FOR VERSION 1, THE REMAINDER OF THE SOURCE PACKET FORMAT |S
DEFI NED AS FOLLOWE:

(b) Reserved Spare (Bit 3).

This single bit is reserved for future application. At present,
it shall be set to "o".

(c) Secondary Header Flag (Bit 4).

This |-bit flag signals the presence (Bit 4 = 1) or absence (Bit

4 :kO) of a Secondary Header data structure wituin the Source
Packet .

| ssue-| PACE 3-2 May 1984
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(d) Application Process ID (Bits 5 through 15).

This Il-bit field uniquely identifies the individual application
process within a particular space vehicle which created the
Sour ce Packet. (Note: t he space vehicle itself is identified by
the Spacecraft Identifier in the Transfer Frame header.) The
Application Process |IDs are tailored to |ocal mssion needs
and are therefore assigned by the M ssion Mnager. Gui del i nes
for assigning Application Process ID s nay be devel oped by the
CCSDS. Users should note that ground data accounting
considerations may limt the nunber of different application

processes which nmay be sinultaneously "open" during a given
sessi on.

The "all ones" configuration of the Application Process |ID shal
be reserved to identify "ldle Packets", which are generated by
t he spacecraft data systemto maintain synchroni smof the ground
packet extraction process during periods when no sources have
packeti zed data available for transfer to the ground.

3.1.2 _Packet Seaguence Control (16 bits). This 16-bit field is
separated into two fields:

(a) Segnentation Flags (Bits 0,1).

The Segnentation Flags, which occupy the two nost-significant
bits of the 16-bit field, are used to indicate the status of
| ong nessage-oriented Source Packets that have been broken into
shorter communications-oriented segnents. Various optional
processes for segnmentation are described in Section 4. The
assignment of the flags is as foll ows:

(i) Last Segnent Flag (Bit 0).
Wen Bit 0 is set to a "1", this indicates that the
remai nder of the data structure contains the |ast segnent
of a long segnented Source Packet.

(ii) First Segnent Flag (Bit 1).
Wen Bit 1 is set to a "1", this indicates that the

remai nder of the data structure contains the first segnent
of a long segnented Source Packet.

| ssue-| PAGE 3-3 May 1984
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The Segmentation Flags are thus interpreted as follows:

Bit-O: Bit-1 : Interpretation:
0 0 Continuation Segment
0 1 First Segment
1 0 Last Segment
1 Unsegmented Packet

Note: When a source does not perform segmentation, it shall set
the flags to “11” before passing the packet to the spacecraft
data handling system for transfer to the ground.

(b) Source Sequence Count (Bits 2 through 15).

This 14-bit field contains a straight sequential count (modulo
16384) of each packet generated by each unique source
application process on the spacecraft. The purpose of the field
is to associate this packet with other packets from the same
application process, even though their natural order may have
been disturbed during transport to the user’'s processor on the
ground. The field will normally be used in conjunction with the
spacecraft measurement time code to provide completely
unambiguous association; it is therefore essential that the
period of the Source Sequence Count should be sufficiently long
that the time code increments at least once between successive

recycling of the sequence count. For continuous operation of a
source application process, it is not permissible to “short
cycle” the sequence count before the full counter accumulation
has been reached; however, if a source’'s operation is

interrupted (e.g. by loss of power), the source may start a new
seguence count.

3.1.3 PRacket Length(l6 bits). This field contains a sequential
l6-bit binary count "Cc" of the length (in octets) of the remainder
of the data structure which is enclosed between the first bit of the
Secondary Header and the last bit of the packet (i.e. the last bit
of the Source Data field, or the last bit of the Error Control field
if this option is selected). The field is expressed as follows:

C = { (Number of octets) =11}

Users should recognize that although very long packets are
permissable, these present special problems in terms of data link
monopolization, source data buffering, and network accountability
during transfer across the unique channel from the spacecraft to the
ground. As described in Section 4, large packets (i.e. packets
which are very much longer than the data space within the Transfer
Frame) may either be segmented by the transfer network or may be
assigned to individual Virtual Channels”. It is anticipated that
for a large number of applications, packet lengths in the range of
approximately 1 to 8 kilobits will be chosen by instrument designers
for flight operations. Very short packets (less than 1024-bits)
become inefficient and will normally only be used by very low-rate
data sources, for engineering tests and checkout, and for fill.

Y
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For flight operations, computational speed considerations within the
ground data processing elements of the transfer network may dictate
that there is a maximum incoming packet rate which can be handled.
This may mean that the network implementation organizations within
each Agency will specify a minimum size for small packets (e.g “ldle
Packets”) which are transmitted contiguously.

From the viewpoint of ground data processing efficiency, it is
strongly recommended that the overall packet length should be an
even number of octets.

3.2 SECONDARY BEADER

The purpose of the Secondary Header is to provide a standard means
for encoding within a Source Packet any ancillary data (time,
internal data field format, spacecraft position/attitude, etc.)
which may be necessary for the interpfetation of the information
contained within the packet. The presence or absence of a Secondary
Header is signalled by the Secondary Header Flag within the Packet
Identification field, as described in Section 3.1.1 (c). If
present, the Secondary Header will contain data generated by one or
more onboard application processes.

Short-term packet management processes within the ground network,
such as extracting and delivering individual packets to a user in
near-real time, may be able to use only the sequence count field
within the packet header for accounting purposes. However, for
longer-term services to be provided (e.g archiving, sorting,
processing and correlation with other data sets) the sequence count
must be concatenated with a “time” field in order to unambiguously
identify a packet. For users needing these long-term services, it
is a requirement that the Secondary Header must be present in every
packet produced by the source and must contain a time code which is
registered with respect to some known event encoded within the
Source Data section of the packet, accurate to the time resolution
required for the Source Data interpretation and association.

The length of the Secondary Header shall always occur in integral

multiples of octets. Guidelines for formatting the Secondary
Header are presented in Annex C.
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3.3 SCURCE DATA.

The Source Data field contains the measurement information generated
by the primary application process operating within each source.
The only formal restriction imposed on the Source Data field is that
the total length of this section must be an integral number of

octets: otherwise, the experimenter will normally have complete
freedom to specify the data content and the internal format of this
field. How ever, users are cautioned that if the packet contents are

to be processed within CCSDS Agency support facilities, then local
standards for internal formatting may be imposed.

3.4 PACKET ERROR CONTROL (Optional)

At the discretion of the user, an optional error detection code may
be appended to the packet in order to verify that the overall
integrity of the message has been preserved during the transport
process. In those configurations where the supporting Agency agrees
to check the Packet Error Control code associated with a particular
application process, the field shall be present in every packet
produced by that application process, shall be 16-bits long and the
recommended encoding polynomial is specified in Annex D; otherwise,
the selection of the encoding polynomial, and the length of the
field, is left to the user or to local Agency standards. The
presence or absence of packet error control will be implied by the
Application Process ID.
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4 PACKET SEGMENTATION

The reconmendations for Source Packet formatting permt a w de range
of packet lengths to be inplenented. Furthernore, sources may
conceptual ly vary the packet |length on a dynam c basis, according to
the nessage formatting needs of different application processes
operating within the source.

Space comuni cations systens are usually heavily driven by the
bandwi dth or capacity constraints of the unique data channel which
connects the spacecraft to the ground. Since nultiple users nust
share this comuni cations channel, flow control becomes critical to
ensure that all sources have access to this comon resource for
periods of time consistent with their delivery tinmeliness
requi rements and their capacity to buffer data while other sources
are being serviced. Very long Source Packets therefore present a
flow control problem since they may nonopolize the channel for
unacceptable periods of tine and may force other sources to
i mpl ement unreasonably | arge | ocal buffering.

Several nechanisns are provided for solving this flow control
problem within Packet Telenetry systens. One invol ves assigning
| ong- packet generating sources to their own "Virtual Channel" by
inserting them into dedicated types of Transfer Framnes. These
dedicated franes may then be interleaved with other franes
containing multi-user data which are formatted into mutually
conpatible packet sizes. This Virtual Channel solution is
di scussed in Section 5.

Anot her nmechani sm involves the use of various "segnmentation”
protocol s whereby the spacecraft data handling system (or the source
Itself) breaks the |long packets into shorter pieces which are
conpatible with the flow control requirenents of other users. The
| ong- packet source will therefore either be responsible for
Berforning_ its own communications-oriented segnentation or for
uffering its own data while the spacecraft breaks the packet up
into smaller segnments and interleaves them with simlar-sized
segnents of data from other sources for transfer to the ground.

This issue of the Packet Telenetry Recommendation permts the system
designer to select between three valid nmethods of segnentation:

1. Segnentation by the source application process, using the
standard Version 1 "Source Packet" data structure (Section 4.1).

2. Segnentation by the spacecraft data system using the standard
Version 1 "Source Packet" data structure (Section 4.2).

3. Segnentation by the sgacecraft data system wusing the standard
Version 2 "Telenetry Segnent" data structure (Section 4.3).
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These three methods are discussed below. Virtual Channelization is
discussed in Section 5. The attributes of all four methods are
summarized in Annex-G. Selection of the specific option(s) which
will be cross-supported by CCSDS Agencies will be defined within the
detailed cross-support agreements.

4.1 SOURCE-INTERNAL SEGMENTATION.

A first option is for the source application process to be
constrained by the system designer to always generate packets which
are short enough to ensure that no flow control problems can exist
when they are integrated with packets from other onboard sources;
however, this may artificially constrain the measurement acquisition
processes by locking them to the communication processes. For
instance, an imaging scan line may be a “natural” packet for an
instrument, but it may be too long to transmit unsegmented.

A second option is to allow the source application process to format
measurement data into very long packets in accordance with sampling
needs, but to require that the source interface electronics breaks
them into shorter segments prior to delivery to the spacecraft data
system. This may be accomplished by having the source reformat the
long Version 1 packets into shorter Version 1 packets within which
the Segmentation Flags (Section 3.1,2a) are manipulated to signal a
first, continuing, or last segment of the larger packet entity.
Within this option, the “Source Sequence Count” field must increment
once for each segment generated and the “Packet Length” field must
directly indicate the length of the segment; therefore, information
which describes the Sequence Count and Length of the original large
packet should be encoded within the data field of at least the first
segment.

4.2 SPACECRAFT SEGMENTATION USING SOURCE PACKETS.

A third option exists whereby the spacecraft data system implements

one or more special internal application processes which are
dedicated to the task of segmenting long packets from onboard
sources. Within this option, the entire user packet is recursively

treated as “data” in a new Version 1 packet, which bears Packet
Identification, Packet Sequence Control and Packet Length fields
that are unique to the spacecraft data system application process
which performs the segmentation. In this case, the Segmentation
Flags (Section 3.1.2 a) of the new packet shall be manipulated to
signal a first, continuing or last segment of the original user
packet. This solution introduces a modest amount of extra
overhead, since the first segment in such a system will contain the
Primary Header of the spacecraft data system segmentation process,
followed by the complete Primary Header of the packet which is being
segmented.
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4.3 SPACECRAFT SEGMENTATION USI NG "TELEMETRY SEGMENTS".

All three of the above options for segmentation utilize the
Version 1 Source Packet format, within which the “length” field is
always interpreted as the length in octets of the data unit (packet
or segment) that appears on the downlink and the "sequence count”
increments once per data unit that is transmitted from a given
application process. A fourth option exists, using “Version 2” of
the packet format (see Section 3.1.1a), within which the “length”
field in the data unit defines the length of an original packet that
remains to be transmitted and the “sequence count” is static Si nce
it refers to the numbering of the original packet by the appli cation
process. The length and sequence count of the data unit being
transmitted are therefore semantically different between the two
versions, since these parameters are implied when using Version 2.

The Version 2 “Telemetry Segment” structure is shown in Figure 4-I:

R SEGMENT HEADER =—-——==-—==—-—o >

| I

| | VAVAN

I

I SEGMENT SEGMENT SEGMENT

| IDENTIFICATION SEQUENCE LENGTH

I CONTROL I

[mm—mmm e [T [

IVers|s|Sec.|Applic. |Segment. |Originall (Length of | SEGMENTED SOURCE

|-ion|p|Hdr. | Process|Flags [ Packet the original 1 PACKET DATA

| # JlalFlag! ID | Sequence | Sour ce I

I lrl I | I Count Packet which 1

I lel I I | remains yet |

| 1 | | | to be |

| 3 I 11 I 2 | 14 transmitted) |

b-—- - 1] 1] | I VAVANEES

1100 .

I 16 16 16 2048, 4096 or 8192
FIGURE 4-|: VERSION 2 °"TELEMETRY SEGMENT® FORMAT
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The semantic definition of the Version 2 "Segnent Header" differs
fromthe Version 1 (Source Packet) "Primary Header" intwo i nportant
ways:

1. The Packet Sequence Count field is static within all the
segnents associated with a |ong packet which is being segmented
since it contains the count of the original packet.

2.  The Segnent Length field does not indicate the length of the
segnent, but instead indicates the length of data from the
original long packet (including that contained within the
segnment) which remains yet to be transmtted. The length of the
segnent is fixed and is specified externally.

The length of the segnment of data from the original Source
Packet which is being transmitted ("LSEGMENT", in octets) shall
be fixed for a particular Virtual Channel on a given m'ssion.
The available fixed lengths are LSEGQVENT = 256, 512 or 1024
octets (2048, 4096 or 8192 bits), wth 512 octets being the
preferred value since shorter lengths result in excessive
overhead and ground conputational speed requirenents. The
selected length shall be indicated in the header of the Transfer
Frame, as described in Section 5.2 4(d).

Note that the total length of each Telenmetry Segnent will be
(LSEGMENT+6) octets since the standard 48-bit Version 2 Segment
Header al ways precedes the segnent of data.

4.3.1 Segmentation Process, Wien using the Version 2 Telenetry
Segnent to perform segnentation, the process shall be as follows:

(a) An unsegnented Version 1 Source Packet is input to the processor
whi ch performs the segnmentation

(b) In the first segnent, the Version Nunmber is nodified to indicate
Version 2 (i.e. "100™, and the Segnentation Flags (Bits 0 and 1
of the Packet Sequence Control field) are nodified fromthe "11"
state (unsegnented) to the "01" state (first segnment), as
described in Section 3.1.2(a). In the first segnent, the Packet
Length field is unchanged and therefore indicates the |ength of
the original packet WHICH HAS YET TO BE TRANSM TTED, i ncl uding
this segnent. This field is then followed by the first
(LSEGMENT) octets of the Secondary Header and Data Field of the
original Version 1 packet.
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(¢) In continuation segments, the Version Nunber continues to
indicate Version 2, the Segnentation Flags are set to the "00"
configuration and the original Packet Length field is
progressively decrenmented by (n)x(LSEGMENT) octets as each
segnent is transmtted, where (n)=1,2,3, etc. according to the
sequenti al nunber of the continuation segment.

(d) In the last segnment, which occurs when the original Packet
Length field decrenented by (n)x(LSEGMENT) octets contains a
value which is less than or equal to (LSEGMENT), the Version
Nunber renmains as Version 2, the Se%rrent ation Flags are set to
"10", and the Packet Length field then directly indicates the
length of the residue of the original packet which is contained
within the segnent.

This process is illustrated in Figure 4-2, which shows ‘how a
Version 1 Source Packet whose overall length is 2106-octets (2100~
octets of Secondary Header and Source Data plus 6-octets of Primary
Header) is progressively broken into four 5l12-octet Version 2
Tel enetry Segments of overall length 518-octets (512-octets of data
PI us 6-octets of Segnent Header) and a |ast segnent of overall
ength 58-octets (52-octets of data plus 6-octets of Segnent
Header). Note that the convention of:

"Indicated length = { (Nunber of octets) - 1 }"
is used for the Segment Length field, as defined in Section 3.1.3.

It should also be notedthat it is permssableto generateVersion
Tel emetry Segnents which have the Segnentation Flags set to "1i-
(unsegmnent ed) : in this case the Segnent Length field indicates the
length of the renainder of the Segnent.
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[{mmmrmm e e SOURCE PACKET = 2106-octets ---------=-==------ >|
|6 [
I |
b |
IHI 2100 |
|_ Flags ="11"
Lengt h=2099
Ver si on=000
| I
:HI 512 I FI RST SEGVENT
_ |
l_ Flags ="01"|
Lengt h=2099 |
Ver si on=100 |
l_I
| I
CONTI NUATI ON- 1 11 512 |
|| I
|__ Flags ="00"
Lengt h=1587
Ver si on=100

I
bl I
CONTI NUATI ON-2 |8 | 512 I
1 I
- |
I Flags ="00"I
Lengt h=1075 |

Ver si on=100 |
I-II
|
CONTI NUATI ON- 3 18| 512 |
| Flags ="00"
Lengt h=563
Ver si on=100

I
LAST SEGMVENT |H| 52

~

Flags ="10" _|
Lengt h=51
Ver si on=100

FI GURE 4-2: EXAMPLEOFTHE SEGVENTATI ON PROCESS
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Attention is drawn to the follow ng features of this protocol:

1. It is possible to mx segnented and unsegnmented Source Packets

together on the sane Virtual Channel, since every packet header
contains a Version Nunber and self-specifying Segnentation
Fl ags.

2. Wthin the ground processor which extracts Version 2 segnents
fromthe frane, the location of the Segnent Headers nmay be
determined froma sinple test of the Last Segnent flag in the
Segnent Sequence Control field:

(i) If the Last Segnent flag is "0", then the next header w ||
be found by counting forward by (LSEGVENT) octets after the
end of the Segnment Length field.

(ii) If the Last Segnent flag is "1", then the next header w ||
be found by counting forward by the nunber of octets
indicated in the Segment Length field.

3. Since the fixed segnent lengths are defined to be pure binary
quantities (256, 512 or 1024 octets), t hen b¥ i npl enmenting this
decrenenting | ength approach the nost significant bits of the
Segnent Length field wll decrease in a binary countdown fashion
as successive segnents are transmtted. This information
provides a "serial nunber" for the segnent which may be used to
reconbi ne segnents should their natural order be disturbed
during transm ssion. For exanple, wth 512-octet segnents, the
nost significant octet of the length field will formthis binary
down- count er. Usi ng the sane case which is shown in Figure 4-2,
the Length field thus woul d appear as foll ows:

Length Bit: 00 01 02 03 04 05 06 O7 | 08 09 10 11 12 13 14 15
|
|
1st. Segnent: O 0O OO1L 0OOO1 0 O1 1 0 011
Conti nuation-| : o 6 0 0o 0o 110} 0 0110 011
Conti nuati on-2: o0 0 o o o1 o 0t 0 O1 10 011
Cont i nuati on- 3: 0 0 0 0 0 O 1 O 0 01 1 0 O 1 1
Last Segnent: 0O 0o 0O0OOOOO1 0 0110 011
Count er
(= Segnent
serial #)
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5 T R A NS F ER

The Version 1 Source Packet or Version 2 Telemetry Segment data
formats described in Sections 3 and 4 must be embedded within a
data transfer structure for transmission across the downlink data
channel which connects the spacecraft to a data capture element on
the ground: this data structure is the “Transfer Frame”. Multiple
CCSDS standard versions of the Transfer Frane may be defined in the
future; however, this issue of the Recommendation for Packet
Tel enetry only recogni zes Version 1* of the Transfer Frane format.

The Transfer Frame draws upon a layer of noisy channel services
(e.g. carrier, modulation/detection, and coding/decoding) in order
to establish the downlink data path. The error probabilities
attainable within the noisy channel layer depend upon many factors,
including received signal-to-noise ratio and coding scheme used.
Digital encoding may be applied to the data channel in order to
improve the system error performance. Al though Packet Telemetry
systems may be designed to tolerate channel noise in the same wa:y
that conventional systems have been designed in the past (i.e. t:
placing data within the frame in a predetermined sequence), full
benefit from Packet Telemetry will require that a high quality data
channel is provided so that packetized data may be ADAPTIVELY
inserted into the frame. Reference [2] describes the CCSDS
Recommendation for Telemetry Channel Coding, including specification
of a convolutionally encoded inner channel concatenated with a Reed-
Solomon block-oriented outer code. Although not mandatory, the
recommended approach is to use the concatenated Reed-
Solomon/convolutional encoding option since the data channel throuch
which the frame is transmitted will then display virtually perfect
data quality.

A mechanism must be provided to detect the presence of errors which
may have been introduced within the frame during transmission
through the downl ink channel. If the recommended concatenated Reec-
Solomon/convolutional coding is used, the Reed-Solomon error
syndrome will indicate whether or not the frame is likely to contain
an error. If Reed-Solomon encoding is NOT used, each Version 1
Transfer Frame must contain an error-detecting polynomial appended
within its trailing octets: this polynomial may be used to
determine if a frame is likely to contain an error.

The operational procedures for handling frames which contain a
detected error are beyond the scope of this Recommendation and will
therefore be negotiated between the Agencies when detailed cross-
support agreements are formalized. This Recommendation also
recognizes that Projects may desire to implement special “emergency”
telemetry modes for the transmission of critical information in the
event of potentially catastrophic behaviour, such as the loss of
spacecraft attitude references. If these emergency modes are
beyond the scope of this Recommendation, they will also be the
subject of detailed cross-support agreements.
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Wthin a single physical data channel for a particular mssion, the
total length of the Version 1 Transfer Frame shall be a fixed

integral nunber of octets: the inplenented |ength shall be
specified to the ground network as a mssion set-up paraneter.
Al t hough each Agency may set specifications for the mninum | ength
of the Version 1 Transtfer Frame to be used on mssions under its
control, it is desirable to select a comon maxi num value for cross-
support situations in order to avoid unnecessary variability and
conpl exity. The maxi mum | ength has been conputed for the case where
the Transfer Frame is synchronously inserted into a Reed-Sol onon
codebl ock structure. For cross-support situations, a Reed-Sol onon
interl eave depth of five is reconmended. Because the data space
within this recommended (1= 5) Reed-Sol onon codebl ock has a fi xed
maxi mum | engt h of 8920-bits, a standard maxi mum Version 1 Transfer
Frame length of8920-bits has been selected for m ssions which are
cross-supported between CCSDS Agencies since this is conpatible wth
synchronous insertion of the Franme into the codebl ock data space.
Figure 5-1 illustrates how a maxi mum | ength Version 1 Transfer Frane

may be synchronously enbedded in the standard Reed- Sol onon
codebl ock.

(mmmmmmmm - TRANSFER FRAME --====m======-=--- >
(8920-bits max.)

I
|
}
JATTACHED| TRANSFER | TRANSFER [ TRANSFER|
| FRAME | FRAVE FRAME | FRAME |
SYNC. HEADER DATA | TRAILER |
MARKER |-——--——=eo=-== FI ELD l(opt.) |
PRI. | SEC. I |
I | (Opt) : }
| | |
32 48 (0,8,.. Vari es (0,16,32]
..512) or 48)]|
|
| I
! ]
| RS \ | |
| SYNC. | REED- SOLOVON DATA SPACE | REED-SOLOMON |
{ CCDE | |CHECK SYMBOLS |
| | |
] 32 8888 . 1280
I
[{—=msmccmm e e~ REED-SOLOMON CODEBLOCK ====—==—=—=——-——==—-——==-

(10, 200 bits)

FIGURE 5-1: COMPOSITE VERSION 1 TRANSFER FRAME/
REED-SOLOMON CODEBLOCK FORMAT
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The majorfi el ds of the conposite Version 1 data structure shown in
Figure 5-1 are as follows:

ATTACHED FRAME SYNCHRONI ZATI ON MARKER . . . . . . 32 (Note-1)
TRANSFER FRAME PRIMARY HEADER . . . . . . . . . L 48
TRANSFER FRAME SECONDARY HEADER (Optional).. (0,8,16..512)
TRANSFER FRAME DATAFIELD . . . . . . . . . . . . . .. . .. (Varies) (Note-21
TRANSFER FRAME TRAILER (Optional) . . . . . . . . . . (0,16,32,0r48)

Total Length: Up to 8920 (Note-21
Not es:

1. As a transitional neasure for the cross-support of ongoing
m ssions, a lé6-bit nmarker may be inplenmented if short frames are
transmtted w thout Reed-Sol onon coding, through a channel which
di spl ays good received signal-to-noise ratio characteristics.

2. The maximum frame length for cross-support is 8920-bits, which
consists of: the Attached Synchronization Marker (32-bits);
the mandatory Primary Header (48-bits); the optional Secondary
Header (up to 512-bits); the Frame Data Field,; and the optional
Frame Trailer (16, 32 or 48-bits). The maximum |l ength of the
Data Field is therefore conputed by subtracting the selected
mandatory and optional conmponents from 8920-bits. Caution:
Projects which inplenment frame | engths shorter than the nmaxi num
and which insert these frames synchronously into the chosen
(I = 5) Reed-Sol onon data space, nust ensure that the correct
amount of "Virtual Fill" is inferred by the ground decoder, as
described in Reference [2].

5.1 ATTACBED FRAME SYNCHRONI ZATI ON MARKER -

The Attached Frame Synchronization Marker delimts the boundaries of
a fixed-length Transfer Frane. If the frane is not Reed- Sol onon
encoded, it is used by the ground network to acquire synchronization
with the franme boundaries after transmssion through the data
channel . Rules for the two recognized "Cases" of attaching the
Synchroni zation Marker to the Transfer Franme are described bel ow
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CASE-A: When the franes are synchronously enbedded within a Reed-
Sol onon codebl ock, i.e. the frame fits exactly within the
codebl ock data space, then a 32-bit marker (WHICH IS
CO NCI DENT WTH AND | DENTI CAL TO THE 32-bit REED SOLOVON
SYNCHRONI ZATI ON CODE) shal |l be attached to the beginning of
the frane. After Reed-Sol onon decoding, the marker shall
remai n attached to the begi nning of the frane.

CASE-B:  Wien the frames are NOT Reed-Sol onon encoded, a 32-bit
mar ker shall be attached to the be%jnning of each frane.
After franme synchronization has been perfornmed by the
ground network, the marker shall remain attached to the
begi nni ng of the frane.

All cross-supported mssions using a packet telenetry format shall
use the sanme frame synchronization narker to avoid the need to
setup the ground-based PCM franme synchroni zers in advance of every
sessi on. Care should be taken that this synchronization narker (or
its reversed and/or conplenented pattern) does not routinely appear
in any other portion of the Transfer Frane. This does not preclude
t he occasional random presence of this pattern elsewhere in the
frame. The marker should be chosen so that its bit pattern is
different if read in reverse.

The exact pattern to be used for the Synchronization Marker in
Case-A will be specified in Reference [2]. The pattern to be used
for the Synchronization Marker in Case-B is specified in Annex B.

( Not e: it is permssible to use the 8-bit "Master Frame Count”
field in the Transfer Frane Header as a dynam c extension of the
synchroni zation marker, for the purpose of facilitating the frane
synchroni zati on process).

5.2 TRANSFER FRAME PRI MARY HEADER

The Transfer Frame Header is split into "Primary" and "Secondary"
el ement s. The mandatory Primary Header provides services which are
common to all mssions. The optional Secondary Header, which is
described in Section 5.3, permts the header information to be
tailored to match the needs of different mssion classes. The
conposite Transfer Frame structure, containing the Primary Header
and Secondary Headers, plus the Frane Data Field and optional Frane
Trailer, 1is shown in Figure 5-2.
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=< TRANSFER FRAME PRIMARY HEADER >
|
|SYNC] FRAME |MASTER |VIRTUAL]| FRAME
[MARK | IDENTIFICATIQN |CHANNEL |CHANNEL | DATA FIELD
| | |[FRAME [FRAME | STATUS
| I {CQUNT |CQUNT |
| [Ver [S/CIVirt |Oper. | I | Sec.  |Sync|Packet|Segment [First |
| | # |ID |ChaniCtrl.| I |Header [Flag |Order |Length |Header |
I I I [ID |Field] | IFlag | |IFlag [ID | Pointer |
| I I | |Flag | I I I I | I
I | | I i I | I I I I | I
| 24101 3 11 | | | 1 11 11 | 2 | 11 |
S N I I I | Il I I
2 | 16 | 8 8 | - - 16 /
/
/
.................................................................. /
/
"/
/
I/
I TRANSFER FRAME TRANSFER TRANSFER
| <— SECNDARY HEADER >l FRAME ——>|FRAME TRAILER
(OPTIONAL) [ DATA FIELD | (OPTIONAL)
I I
I VAVAN |
| (SECONDARY | (SECQNDARY | | (Oper. | (Frame
| HEADER |D) |HEADER WTA) | | Ctrl. | Error
| I I | Field) | ctrl.
| I | (Spacecraft I | word) |
[Sec  [sec | | Application | |
{Header |Header | | Data) |
[Vers. |Lengthl| | l
=Number= J } % | |
| I
I (2) | (6) | (Up to 504) | (Var) I (32) | (16) |
I | I | EVAVAN I -
|

\V/ | REAL-TIME |
"00" ==> |DATA INSERT |
I I
PIGURE 5-2:
| ssue-|

==> (See Section 5.3)

VERSI ON 1 TRANSFER FRAME HEADER PORMAT
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The Primary Header perforns four principal functions:
(a) ldentifying the Version of the Transfer Frane which is in use.

(b) Iddentifyi ng the spacecraft which transmtted the telenetered
at a.

(c) Switching of the single physical data channel so that it may be
logically nultiplexed into several "Virtual Channels", and
provi di ng accounting mechanisns to detect mssing franes.

(d) Providing pointers and other control information so that
vari abl e-1 ength Source Packet or Segnent data may be extracted
fromthe fixed-length Frane Data Field.

The VERSION 1 Transfer Frane Primary Header is conposed of the
followmng fields:

Maior Field Length (bits)
Frame ldentification .................. .. 16

- Version Nunmber (2)

- Spacecraft ID (10)

- Virtual Channel ID (3)
- Qperational Control Field Flag (1)

Master Channel Frame Count . . . . . . . . . . . . .. 8
Virtual Channel Franme Count ............. 8
Frame Data Field Status . . . . . . . . . . . . . . ... 16

Secondary Header Flag (1)
Synchroni zation flag (1)
Packet Order flag (1)
Segnent Length ID (2)
First Header Pointer (11)

5.2.1 Frame Identification (16 bits) . The purpose of this field is
to identify which operational spacecraft created the frame of data,
and to indicate if the physical data link is logically switched to
form "Virtual Channels". The field is broken into four subfields:

(a) Version Number(Bits 0,1).

These two bits (which occupy the two nost significant bits of
the sixteen bit field) are reserved for potential evolution of
the Transfer Frane structure. One possible future use of this
capability could be to extend the Spacecraft 1D word if all ten
bits becone assigned. At present, only Versionl of the Frane
Header is recognized (Bits 0,1 = "00®). The format of the
remai nder of the Version 1 header is as follows:
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(b) Spacecraft ldentifier (Bits 2 through 11).

(c)

These ten bits provide positive identification of the spacecraft
node which created the franme of data. Different spacecraft
identifiers wll be assigned for flight vehicles, for
devel opnental vehicles which are using the ground networks
during prelaunch test operations, and for sinulated data
streans. The Secretariat of the Consultative Commttee for
Space Data Systens assigns spacecraft identifiers, as described
in Reference [1].

Virtual Channel ldentifier (Bits 12,13,14).

The concept of using a "Virtual Channel"” as a solution to the
problem of | ong Source Packet segnentation was outlined in the
Introduction to Section 4. The concept nay be inplenmented b

defining different |ogical "types" of Transfer Franmes, each o

which is separately identified as a different Virtual Channel.
Long Source Packets may thus be inserted only into their own
dedicated "L" frane type, while shorter nulti-user packets nay
be multiplexed together into a different "M" frane type. The
conposite physical stream of downlink Transfer Frames may then
be created by interleaving logical frames with different "L" and

"M" Virtual Channel identifiers. The effect on the |ong packet
generating source will be simlar to the Segnentation process
described in Section 4, i.e. the packet wll be broken into

fixed blocks, the length of which will equal the length of the
Data Field within the Transfer Frane. During tinmes when the
ot her source data are being transnmitted within their "M" Type of
frame, the long packet source data will be buffered until an
opportunity occurs for the spacecraft to interleave an "L" Type
frame containing a segnment of that packet.

The Virtual Channel facility also allows conplete franes of data
from other spacecraft generating sources (e.g. tape recorder
pl ayback, relay links fromother spacecraft) to be interleaved
with real -tine frames.

This 3-bit field enables up to eight "Virtual Channels" to be
run concurrently by a particular spacecraft on a particular
physi cal data channel . The sequence in which Virtual Channels
are multiplexed is mssion-dependent. If only one Virtua
Channel is used, these bits shall be set pernanentYy to "000"

(d) Qperational Control Field Flag (Bit 15).

This |I-bit flag signals the presence (Bitl5 = "1") or absence
(Bit 15 = "0") of the 32-bit Operational Control Field wthin
the Frame Trailer (see Section 5.5).
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5.2.2 _Master Channel Frame Count (8 bits). The purpose of this
field is to provide a running count of the nunber of frames which

have been transmitted through a single spacecraft physical data

channel . Sonme spacecraft. may have the capability to create nore
than one physical data channel to the ground, in which case a
separate counter will therefore be maintained for each channel. The

counter nust be Ion% enough to provide a reasonabl e probablllty of
detecting how many franes were mssing if the physical channel is
briefly interrupted. The 8-bit field represents a sequential count
(modulo 256) of each Transfer Frane generated by the spacecraft on a
gi ven physical data channel

2.3 _VYirtual Channel "rrame Count (8 bits). The purpose of this
fleld is to provide individual accountability for each of the eight

"Virtual Channels". The 8-bit field re resents a sequential count
(modulo 256) of the total nunber frames which have been
transmtted in association with EACH of the virtual channel s. [t is

used in association with the "Virtual Channel ID'" field to maintain
ah se?arate counter for each of up to eight separate virtual
channel s.

5.2.4 Frame Data Field Status (16 Dbits). The purpose of this
field is to provide control information necessary to enable Packets
or Segnments to be extracted fromthe Frame Data Field. The field is
broken into the foll ow ng subfields:

(a) Secondary Header Flag (Bit 0).

This |-bit flag indicates the presence (Bit 0 = "1") or absence
(Bit 0 = "0") of the optional Secondary Header in the Transfer
Frame. If present, the Secondary Header shall imediately
follow the Primary Header and the beginning of the Frane Data
Field shall be correspondingly shifted.

If inplenented, the Secondary Header shall appear in every frane
transmtted through a physical data channel, and its length
shall be fixed within that channel

(b) Data Field Synchronization Flag (Bit 1).

The normal node of inserting Packet/Segment data units into the
Frame Data Field shall be to synchronously place them on octet

boundaries so that they follow directly after each other. The
Packets or Segments will thus be permtted to "spill over" into
the next frame, and the location of the FIRST Packet/Segnent
header in a particular frame will be specified by the First

Header Pointer field. For this synchronous insertion node, the
Data Field Synchronization Flag shall be set to a "o0".
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If a Project chooses to place Packet/Segment data ASYNCHRONCQUSLY
wthin the frane data field so that octet boundaries are not
observed, then the Data Field Synchronization Flag w thin that
frane shall be set to a "1". This situation may occur if the
Project elects not to achieve onboard Packet/Segnment bit re-
justification when a tape recorder is replayed in reverse (thus
dunping an unstructured bitstreaminto the data field), or if
the source data do not otherw se conformto the Packet/ Segnent
protocol s. IF THS FLAG IS SET TO A "1", | NDI CATI NG
ASYNCHRONOUS DATA | NSERTI ON, THE REMAI NING FRAME DATA FI ELD
STATUS | NFORVATI ON MAY NOTBEVALID, AND IT SHALL BE A PRQIECT
RESPONSI BI LI TY TO EXTRACT | NFORVATI ON FROM THE FRAME DATA FI ELD

The synchroni zation status of the Packet/ Segnent data which are
inserted into the Frane Data Field shall be indicated by setting
the Data Field Synchronization Flag (Bit 1) as follows:

Bit 1
Bit 1

0 : Packet/Segnment data are synchronousIY i nserted.
1 : Packet/ Segnent data are asynchronously inserted.

(c) Packet Order Flag (Bit 2).
During normal real-tine transmission of information from

spacecraft sources to the ground, the Source Packets or
Tel enetry Segnents inserted within the Frame Data Field (as they

appear to the ground processor) wll be "forward" justified

i.e. they wll appear with their nopst-significant bit
transmtted first, and with their sequence counters increnenting
in an increasing order. The Packet Order Flag shall be used to

indicate certain conditions where the ORDER of the sequence
counters within the Packets or Segnents nmay be reversed.

When contact with a ground station is not nmintained, or when
the transm ssion capacity of the downlink channel is |less than
the demands of the data sources, the spacecraft nmay record
telenetry data on an onboard storage device. If this device is
a tape recorder, then this Recommendati on recognizes that it may
be desirable to replay the recorder in a reverse direction,

causing the order of the transmtted data to be reversed.

For CCSDS cross-supported m ssions the baseline requirenent is
that the spacecraft shall re-justify the BIT DI RECTION of any
Packet / Segnment data whi ch have been replayed in reverse, prior
to inserting theminto the Transfer Frane, so that the nost
significant bit is transmtted first. This wll require
Packet/ Segment synchroni zation |logic at the output of the tape
recorder to reverse the bit direction of each Packet/ Segrment as
it is retrieved. Under these conditions, the ORDER of the
Packet / Segnent sequence counters wll be observed to decrease
rather than increase.
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(Not e: i f replayed Packets/Segnents appear in reverse order
they nust be nultiplexed together on a separate Virtual Channel:
it 1s not permssable to mx forward-ordered and reverse-ordered
Packet s/ Segnents within the same Virtual Channel since the
Packet Order Flag woul d be anbi guous).

The ORDER of the sequence counts wthin the Packet/Segment data
contained within the frame data field shall be indicated by
setting the Packet Order Flag (Bit 2) as follows:

"forward".

Bit 2 = 0 : Packet/Segnent sequence count order
t 2=1 “reverse".

IS
Bi : Packet/ Segnment sequence count order is
A discussion of various options for handling tape recorded data
is contained in the "Application Notes" (Annex E).

(d) Segnent Length ldentifier (Bits 3,4).

As discussed in Section 4, Version 2 Telenetry Segnents naY be
impl enmented within a Virtual Channel as a nethod of controlling
the flow of data from sources which generated very |ong packets.
This 2-bit field identifies the selected maxi num | ength of the
standard Version 2 Telenmetry Segnment, if this option is being
used within the Virtual Channel which is formed by the frane.
The contents of the field are interpreted as foll ows:

00 = 256-octet segnent
01 = 512-octet segnent
10 = 1024-octet segnent

If Version 2 Telemetry Segnments and Version 1 Source Packets are
mxed within the same Virtual Channel, the Version 1 packets nay
not be |onger than the indicated maxi mum segnent | ength. [f the
Version 2 Telemetry Segnent is not being used within the Virtua
Channel, the field shall be set to the "11" state.

(e) First Header Pointer (Bits 5 through 151.

Packet or Segnent headers shall be aligned with octet boundaries
within the Frame Data Fi el d. The purpose of this field is to
point directly to the location of the starting octet of the
first Packet or Segnment header structure. The location of any
subsequent headers within the sanme Frane Data Field wll be
determ ned by a "chaining" procedure whereby the Packet Length
field (Section 3.1.3) wthin each Packet/Segnent header
structure will be examned to determ ne where the follow ng
header begi ns.
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This Il-bit field contains a binary count ®"p" (modulo 2048)
which, when increnented by *1®, points directly to the nunber
of the octet within the Frane Data Field (STARTING AT OCTET #
"1", WH CH BEG NS AT THE FIRST BIT OF THE FRAME DATA FI ELD) t hat
contains the first octet of the first Packet or Segment header
structure. The count *"p" is expressed as follows:

P ={ (Number of the octet) -1}

If the frame DOES NOT contain a Transfer Frame Secondary Header,
the first bit of Octet ¢ 1 within the Frame Data Field occurs
imedi ately after the last bit of the Primary Header.

If the franme DCES contain aSecondary Header, then thefirst bit
of Cctet # 1 within the Frame Data Field occurs imediately
after the last bit of the Secondary Header, i.e. it is offset by
the Il ength of the Secondary Header, which is specified within
the Secondary Header Identification field. The val ue of the
First Header Pointer is not affected by the existence of a
Secondary Header.

If no Packet or Segnent header structure starts in the Data
Field, the First Header Pointer shall be set to ~11111111111"
("all ones") This situation may occur iif a long packet is
segnented using the Virtual Channel technique.

If a Virtual Channel does not contain any valid Packet or

Segment data, the First Header Pointer shall be set to
11111111110 ("all ones mnus one"). This may be used to
signal an "Idle Channel" if no real or fill packets are

available for transm ssion within the frane.

Since Packets or Segnments may begin at any point within the
Frame Data Field, it is possible that a Packet/ Segnent header
may be split between successive franes. The rules for handling
this situation are asfollows:

(i) If the FIRST Packet/ Segnent header starts at the end of the
Data Field within frame (N) and spills-over into frame
(NM+1), the First Header Pointer in frame (N) shall indicate
the start of this Packet/Segment header.

(ii) If ANY Packet/Segment header is split between frames (N)
and (N+1), the pointer in frame (N+1l) shall ignore the
residue of the split header and shall only indicate the
start of any subsequent new Packet/Segment header within
frame (N+1).
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5.3 TRANSFER PRAME SECONDARY HEADER ((Optional ).

The Transfer Frame Secondary Header is optional: its presence or
absence is indicated by the Secondary Header Flag within the Prinary
Header . If inplenented, the Secondary Header nust be of fixed
| ength and nmust appear in every frame transmtted through a physica

dat a channel . Every Secondary Header shall begin with a single
octet containing the "Secondary Header ldentification", and shall
have the general format indicated in Figure 5-2.

5.3.1 Secondary Header Identification (8-bits). This field
defines the version and length of the Secondary Header: it is
mandatory if a Secondary Header is present. It is separated into

two subfields:
(a) Secondary Header Version Nunmber (Bits 0,1).
This 2-bit subfield shall indicate which of up to four Secondary

Header versions is being used. By changing the Version Nunber
future variations of the Secondary Header structure becone

possi bl e. At present, only Version 1 (Bits 0,1 = "00") is
recogni zed, and all other versions are reserved for future
application. Wthin Version 1, the renmainder of the Secondary

Header format is defined as foll ows:
(b) Secondary Header Length (Bits 2 through 7).

This 6-bit subfield shall contain a binary count ="s® of the
total nunber of octets contained within the entire Transfer
Frame Secondarv Header (includina the Secondary Header

Identification field itself). The count "s" s expressed as
foll ows:

s = { (Total nunber of octets) - 1) }

Wien a Secondary Header is present, this count consequently may
be used to conpute the nunber of octet boundaries by which the

first bit of the Frane Data Field is offset fromthe last bit of
the Primary Header

5.3 .2 Secondary Header Data (n x 8-bits). For Version 1 of
the Secondary Header, this field (which nust contain an integra
nunber of octets and can be up to 63-octets |ong) contains a "Real
Time Data Insert' of information that is required for various
spacecraft nonitoring and control applications. Qui delines for
inplementing the Real Tine Data Insert are presented in the
“Application Notes" (Annex E).
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5.4 TRANSFER FRAME DATA FIELD

This field, which nust exist as an integer nunber of octets,
contains user application data (e.g. Packets or Segnents) to be
transferred fromthe spacecraft to the ground.

Packets or Segnents shall be inserted contiguously into the Data
Field on octet boundaries, wth the location of the octet containing
the first header being indicated by the First Header Pointer in the
frame header. Subsequent headers are |ocated by exaninin?_the
"length" field in each packet, or by counting forward by the fixed
Tel emetry Segnent |ength, whichever is applicable.

Wien there are no data available for transm ssion from any source,
an "ldle Packet" may be inserted by the spacecraft data systemfor
t he purpose of keeping the frame runni ng synchronously. The Idle
Packet shall have the format of a Version 1 Source Packet or a
Version 2 Telenetry Segnent, its Application Process ID shall read
"all ones", and its length may equal the m ni num avail abl e packet
si ze.

The maxi num I ength of the Frane Data Field depends on whether the
optional Transfer Frame Secondary Header and Transfer Frame Trailer
fields are present, and on the length of the Synchronization Marker
As discussed in Reference [2}, if frame lengths shorter than the
8920-bit maxi mum are inplenented and the franme is encoded using the
recommended Reed-Solonon algorithm then the length of the Frane
Data Field nust be selected bearing in mnd the constraint that
“Virtual Fill" must occur in fixed increnents.

5.5 TRANSFER FRAME TRAILER (Optional).

The Transfer Frame Trailer provides a nmechanismfor inserting the
followwng optional information into the trailing octets of the
frame:

(a) An Qperational Control Field, which facilitates closed-Ioop
reporting of certain standardi zed real-tine activities.

(b) A Franme Error Control Wrd, which facilitates detection of
errors which may have occurred within the frane.

5.5.1 QOperatiopal_ _Coptrol _Field _(32 bits) (Qptiopal). The
purpose of this field is to provide a standardi zed nechani sm for
reporting a small nunber of real-time functions e.q. t el ecommand
verification or spacecraft clock calibration). e leading bit of
the field (Bit 0) is a 'Type" flag that indicates which function is
bei ng reported.
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A "Type 1" report (Bit 0O = "0") contains a "Command Link Contro

Wrd" which is used to provide acceptance reporting for spacecraft
that are conpatible with the Transfer Franme |ayer of the Packet
Tel econmand concept: the internal format of the Conmmand Link
Control Word is fully defined in Reference [3]. The format of a
"Type 2' report (Bit O = ®1%) is currently undefined and is reserved
for future application.

The presence or absence of this field is signalled by the
Qperational Control Field Flag wwthin the Transfer Frane Primary
Header . If present, the field nust occur within EVERY frane
transmtted through a physical data channel

If the optional Franme Error Control Wrd is NOT present, the
(perational Control Field occupies the four trailing octets of the
Transfer Frane: if the Error Control Wrd IS present, the field is
di spl aced towards the beginning of the frane by two octets.

5.5.2 Frame _Error Control _Word _(l6-bits) (Optiopall. The
purpose of this 1l6-bit field is to provide a capability for
detecting errors which nmay have been introduced into the frane
during the data handling processes.

If the Transfer Frane is NOT Reed- Sol onon encoded, the presence of
the Frame Error Control Wrd is mandatory. The field is optional if
the Franme is synchronously contained within the data space of a
Reed- Sol onon codebl ock. If present, the field occupies the two
trailing octets of the Transfer Frane. Presence or absence of the
field is inplied fromthe Spacecraft Identifier and is specified to
the ground network as a m ssion set-up paraneter.

Quidelines for generating the Frame Error Control Wrd are presented
in Annex A
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ANNEX A
TRANSFER FRAME ERROR DETECTI ON ENCODI NG DECCODI NG  GUI DELI NE

(THIS ANNEX IS NOT PART OF THE RECOMVENDATI ON)

Pur pose:

This Annex provides a description of the reconmended error detection

Encoding/decoding procedure which is to be used within the Transfer
rame.

St at us:

Fi nal selection of an encoding polynomal to generate the l16-bit
Frame Error Control Wrd is currently under study. Meanwhil e, a
recommended nmethod is to encode the entire Transfer Frame (starting
with the first bit of the Synchronizati on Marker and ending with the
last bit of the Frame Trailer) into a binary cyclic block code using
t he HDLC/ ADCCP generating pol ynom al described in this Annex.
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A-1. ENCODI NG AND DECODI NG OF TRANSFER FRAMVES USI NG THE ADVANCED
DATA COMMUNICATION CONTROL PROCEDURE (ADCCP) FRAME CHECK SEQUENCE
(PCS) PROCEDURES

Thi s Annex describes the error detection encodi ng/ decodi ng procedure
that is recommended for Transfer Frame coding.

Parity encoding is mandatory if the Transfer Frame is NOT Reed-

Sol omon encoded prior to transm ssion. If error detection coding of
the Transfer Frame s performed, it is recommended that it should
be conpatible with the procedures described in this Annex. Thi s

does not preclude the use of a nore powerful error detection code
than that described herein provided that all codewords of the nore
powerful code are al so codewords of the Advanced Data Conmmuni cations
Cont r ol Procedure (ADCCP) code. This inplies that the %eneralt:)icg
pol ynom al of the nore powerful code nust be divisible by the Al
generating polynomal and that the nore powerful code. adopts the
presetting procedures to be descri bed.

Commercially available integrated circuits can be purchased to
perform the encodi ng/ decodi ng functi ons. If these nodul es are used

It m not be necessary for the user to be concerned wth the
details of the coding procedure.

The ADCCP code has the follow ng cagabi lities when applied to an
encoded block of | ess than 32,768 (215) bits:

(1) AIl error sequences conposed off an odd nunber of bit errors wll
be det ect ed.

(2) All error sequences containing two-bit errors anywhere in the
encoded block will be detected.

(3) If a random error sequence containing an even nunber of bit
errors (greater than or equal to 4) occurs within the block, the
probability that the error will be wundetected is approximtely
2-15 (or = 3 x 10-3),

(4) Al single error bursts spanning 16 bits orless wll be
detected provided no other errors occur within the block.

(5) This <code is only intended for error detection purposes and no

attenpt should be nmade to utilize it for error correction, since
it would falsely decode some bl ocks containing double errors.
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A-1.1 ENCODI NG PROCEDURE

The encoding procedure accepts an (n-16)-bit data block and
generates a gﬁstenatic binary (n,n-16) bl ock code by appending a 16-
it Frame eck Sequence (FCS) as the final 16 bits of the block.
This FCS is inserted into the Frame Error Control Wrd of the

Transfer Frame Trailer. The equation for the Fcsis:

16.H

FCS = [X ) x” .L(Xx)] modulo G(X)

where: MX) is the (n-16)~bit message to be encoded expressed as a
pol ynom al with binary coefficients

L(X) is the presetting polynom al given by:
15

L(x) =f  xi (all "1" polynonial of order 15)
i =0
G(X) is the COTT Reconmendation V.41 generating polynoni al
gi ven by:
16 12 5
GX) = X + X + X + 1

nis the nunber of bits in the encoded nmessage
¢ is the nodulo 2 addition operator (Exclusive OR)

Note that the encoding procedure differs fromthat of a conventiona
cyclic block encoding operation in that:

(1) The XN.L(X) factor has the effect of presetting the shift

register to an all "1" state (rather than a conventional
all "0" state) prior to encoding.

A-1. 2 DECODI NG PROCEDURE
The error detection syndrone, S(X), is given by
S(X) = [C* (X) & XD [ L(X)] MODULO @ X)

where C*(X) is the received block in polynom al form and,

S(X) is the syndrone polynomal which will be zero if no
error is detected and non-zero if an error has been detected
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ANNEX B:

TRANSFER PRAME SYNCHRONI ZATI ON MARKER

(THIS ANNEX | S NOT PART OF THE RECOMVENDATI ON)

Pur pose:

This Annex specifies the bit pattern to be used for the Attached

Synchroni zati on Marker when the Transfer Frames are NOT Reed- Sol onon
encoded.

St at us:

The exact pattern of the 32-bit marker is currently under study.
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ANNEX C:
SOURCE PACKET SECONDARY HEADER FORMAT GU DELI NE

(THIS ANNEX | S NOT PART OF THE RECOMVENDATI ON)

Pur pose:
This Annex provides prelimnary guidelines for the structure of the

Secondary Header containing the results of onboard application

processes  which aid the interpretation of the source data set
encapsul ated within aVersion 1 Source Packet.

St at us:

This Annex is currently under devel opnent by the CCSDS.
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Cl OVERVIEW.

The Secondary Header provides the capability for insertion of
ancillary and correlative data which increase the pr ocessi ng
autonony of the Source Data contained within a packet. Candi dat e
information for inclusion wthin the Secondary Header includes
measur ement tine, spacecraft attitude, i nstrunent poi nti ng

information, etc. The CCSDS has not yet fornulated a conprehensive
guideline for the format of the Source Packet Secondary Header;
therefore, this Annex only contains prelimnary infornation.

One inportant paraneter which may be needed in the Secondary Header
1s a time-tag which, when concatenated with the Source Sequence
Count, provides unique identification of the packet. This tinme-tag
must be included if the user requires that the ground network
provi des | ong-term packet managenent and accounting services
(archiving, correlation with other data sets, etc.). Since these
l'ong-term services have potential cross-support significance, t he

CCSDS has made the follow ng provisional reconmendations wth
respect to Secondary Headers:

(1) The presence of a Secondary Header is optional, and may be
included at the discretion of the local user or Proj ect
or gani zati on. The presence or absence of a Secondary Header
1s signalled by the Secondary Header Flag within the packet
header. As a mninmum requirenent, the Secondary Header shall
conthai n a timecode which references the packet to a known
epoch.

(ii) The timecode which is selected for use within the Source
Packet Secondary Header shal | conform to t he CCSDS
Recomendati on for Timecode Formats, Reference [4].

c-2 CONTENTS OF THE SECONDARY HEADER

Wen a Secondary Header is present within a Source Packet, it shall
be structured according to Figure Cl.
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FIGRE C|: SOURCE PACKET SECONDARY HEADER STRUCTOURE

C-2.1 SECONDARY BEADER FORMAT FIELD

The internal format of this 8-bit field is currently under study by
t he CCSDS.

C 2.2 TIME FIELD
The format of this field is currently under study by the CCSDS. The

contents of the field shall be conpatible with the CCSDS Timecode
Formats specification, Reference [4].

C-2.3 ANCI LLARY DATA PIELD (optional)

The internal format of this field is currently under study by the
CCSDs.
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ANNEX D
SOURCE PACKET ERROR DETECTI ON ENCODI NG DECODI NG GUI DELI NE

(THIS ANNEX |'S NOT PART OF THE RECOMVENDATI ON)

Pur pose:

Thi s Annex provides a description of the recommended error detection

|%ncl?di ng/ decodi ng procedure which is to be used within the Source
acket .

St at us:
This Annex is currently under developnment by the CCSDS. As an

interimnmeasure until this Annex is supplied, it is suggested that

the specification contained in Annex-A may be used for Source Packet
error control.
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ANNEX E:

"APPLICATION NOTES®" FOR PACKET TELEMETRY

(TH'S ANNEX |'S NOT PART OF THE RECOMVENDATI ON)

Pur pose:

The Packet Telenetry formats defined in this Reconmendation are
| ayered so that various levels of interface conpatibility are
possi bl e. This Annex describes how a Project may inplenent
conplete or partial conpatibility with Packet Telenetry.

St at us:
This Annex is currently under devel opnent by the CCSDS, and is
therefore inconplete. The followng itens are included for
i nformation.
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1. Section 5.2.4 (c): Packet Oder Flag.

Three recogni zed options exist for inplenmenting reverse tape
recordi ng nodes:

(i) The conplete telenetry stream may be recorded as a series
of Telenetry Franes. This entire streammay then | ater be
replayed in reverse direction and dunped to the ground
OVER A PHYSI CAL DATA CHANNEL WHI CH | S SEPARATE FROM THAT
USED TO TRANSM T REAL- TI ME DATA In this case, the Packet
Order Flag shall indicate the status of the Packets or
Segnments when the franes were originally recorded.

(ii) The conplete telemetry stream may be recorded as a series
of Telemetry Frames, each having their Packet Order Flag
set as appropriate during recordi ng. This entire stream
may then later be replayed in reverse direction as a pure
bitstream for insertion within the Data Field of new
frames which form a separate playback Virtual Channel.
These pl ayback franes may then be interleaved with other
frames which form Virtual Channels that contain real-tinme
Packets or Segnents. In this case the replayed bitstream
will be inserted into the playback Virtual Channel
asynchronously, wth the "Data Field Synchronization Fl ag"
for this channel set to a "1" and the Packet Order Flag
consequent |y ignored. (Note: precautions mnmust be taken to
ensure that the replayed synchronization marker occurring
periodically wthin the frame data field does not
Interfere wth the overall frame synchronization strategy.
As an exanple, the reverse-justified synchronization
marker should be distinguishable from the forward-
justified pattern.)

(ii1) Packets or Segnents may be recorded with or w thout first
encapsul ating them within Transfer Franes. These Packets
or Segnents may |ater be replayed in reverse direction,
and re-synchronized onboard the spacecraft for nornal
insertion into the Data Field of new real-tinme Transfer
Franes.

2. Section 5.3.2: Real Tinme Data |nsert.

The format, utilization and operational procedures associ ated
with the Real Tinme Data Insert field are all m ssion-dependent

and shall be the subject of detailed cross-support agreenents
bet ween the Agenci es invol ved.
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ANNEX F:
RATI ONALE FOR PACKET TELEMETRY

(TH'S ANNEX I'S NOT PART OF THE RECOMVENDATI ON)

Pur pose:

This Annex presents sone of the rationale which |ed to the evol ution
of the Packet Telenetry concept.

St at us:

This Annex is conplete.

| ssue- | F-1 May 1984
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F-1  PACKET TELEMETRY RATI ONALE

Packet Telenetry represents an evolution-ary step from the
traditional Tinme-Division Miltiplex (TDM) nmethod of transmtting
scientific, applications, and engineering data from spacecraft
sources to users on the ground. The Packet Telenmetry process
conceptual Iy invol ves:

(1) Encapsulating, at the source, experinent observational data
together with the ancillary data used to subsequently interpret
the observational data, thus form ng an autononmous "packet" of
information in real tinme on the spacecraft.

(2) Providing a standardi zed nechani sm whereby autononous packets
frommultiple data sources on the spacecraft can be inserted
into a comon "franme" structure for transfer to'the ground
t hrough noisy data channels, and delivered to facilities-where
t he packets may be extracted for delivery to the user.

The packet telenetry process has the conceptual attributes of:

(1) Facilitating the acquisition and transmission of instrument data
at a rate appropriate for the phenonmenon bei ng observed.

(2) Defining a logical interface and protocol between an instrunment
and its associated ground support equipnment which renmains
constant throughout the life-cycle of the instrunment (bench
test, integration, flight, and possible re-use).

(3) Sinplifying overall systemdesign by allowing a microprocessor-
based symmetric design of the instrument control and data paths
("command packets in, telenetry packets out") conpatible with
conﬁfrijally avai | abl e conponents and i nterconnection protocol
st andar ds.

(4) Elimnpating the need for m ssion-dependent hardware and/or
software at intermediate points within the distribution networks
t hrough which space data flows: in particular, enabling the
mul ti m ssion conponents of these networks to be designed and
operated in a highly automated fashion, wth consequent cost and
per f or mance advant ages.

(5) Facilitating interoperability of spacecraft whose telenetry
interfaces conform to these guidelines, i.e., allowing very
sinmple cross-strapping of spacecraft and ground network
capabilities between Agenci es.

(6) Enabling the delivery of high-quality data products to the user

community in a node which is faster and cheaper than would be
possi ble with conventional telenetry.

| ssue-| F-2 May 1984



CCSDS RECOMMENDATION FOR PACKET TELEMETRY

ANNEX G

SUMMARY COF SEGMENTATION OPTI ONS

(THIS ANNEX IS NOT PART OF THE RECOMVENDATI ON)

Pur pose:
This Annex provides a summary of the various options which exist for

segnenting very long Source Packets, in order to achieve flow
control through the space-to-ground data channel.

St at us:

This Annex is conplete.
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G-1. SEGMENTATION SUWVARY.

Several options for segmenting |ong Source Packets are specified in
Sections 4 and 5 of the Recommendation for Packet Telenetry. In
selecting the segmentation nethod to be used for a particular
mssion, the follow ng system considerations may be inportant:

(a) Segrmentation should not introduce extra overhead into short
packets whi ch have no need to be segmented.

(b) It should be possible to mx short unsegmented packets on the
sane virtual channel with |ong source packets which have been
divided into segments.

(c) It is highly desirable to inplenent a solution which uses a
single protocol for both segnented and unsegnented packets, in
which data fields are interpreted in singular, consistent ways.

(d) For agiven mssion, a fixed maxi num segnent |ength should be
sel ect ed. When |ong packets are broken into segnents, the
segnent lengths nay be equal to the mssion-fixed maxi num
except for the |last segnent which may contain the residue of the
original packet.

(e) The segnentation solution should involve the sinplest possible
algorithns for extracting the packets and segnents from the
Transfer Frame, and for reconstituting the packets, since these
al gorithns nust operate at full incomng telemetry bit rate.

Table G| presents a sunmmary of the major attributes of the various
alternative nethods.
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I I I l I
OPTION: | PRINCIPLE: | SEGMENTS | GROUND | USER | OVERHEAD:

I I
! I
| | { FORMED BY: | PROCESSOR| RECEIVES: | i
: | I | USES:- ! | I I
I | 1 J [
|Source - | Use Source | Source | Packet I Segments |6-octets/|
/linternal |Sequence | | Sequence [ |segment + |
| using |Counter to | |Count and | |4~-octets
IVersion-1] identify each | | Length | I (length &
|Source | segment | Ifields to | lcount) in
| Packet Iwithin the | I extract I [the first
{(4.1) I Packet I | segments. ! | segment
I I ! {
| Spacecraft [Nest the user | Spacecraft |[Outer | Source | 6-octets/
| segmentat- |Soumce Packet| data Ispacecraft| Packet Isegment +
t ion using |within an | system | Source | |6-octets |
IVersion- |“outer” | Packet to | I (original |
I Source spacecraft | extract and | | header ) inl
| Packet Source Packet | | recombine | Ithe first |
}(4.2) I Isegments. } : segment lI
I
|Spacecraft|Source Packetl Spacecraft |Known fixed | Source |6-octets/ |
| segmentat- | length field | data | length to | Packet Isegment. |
| ion using | decr enented | system lextract each| | I
IVer sion-2 | by fixed I | segment ; ! I I
|Telemetry | binary ! i inferred | ! I
| Segment | Segment I Isequence to | I I
1 (4.3) |Length I |recombine | | |
! } } =then. } I {
|
[Virtual ILong Packets | Spacecraft |virtual | Source |Depends on|
| Channel- lassigned to | data IChannel ID| Packet | design: |
| ization Itheir own | system lin Transfer | Imay be I
[(5.2.2b) ldedicated | | Frame header | lzero. |
| | Transf er | I | ! |
| | | | I
| | I |

| (Frame
!

TABLE G|: SUMMARY OF SHGMENTATION OPTIONS
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STATEMENT OF | NTENT

The Consultative Commttee for Space Data Systens (CCSDS) is an
organi zation officially established by the managenent of seven
menber space Agencies. The Commttee neets periodically to address
data systens problens that are common to all participants, and to
formul ate sound technical solutions to these problens. Inasmuch as
participation in the CCSDS is conpleteHy voluntary, the results of
Committee actions are terned RECOMMENDATIONS and are not considered
bi ndi ng on any Agency.

This RECOMVENDATION is issued by, and represents the consensus of,

t he CCSDS Plenar¥ body. Agency endorsenent of this RECOMVENDATI ON
is entirely voluntary. Endor senent , however, I ndi cates the
fol | ow ng under st andi ngs:

o Wenever an Agency establishes a CCSDS-rel ated STANDARD, this
STANDARD wi Il be in accord with the rel evant RECOVVENDATI ON.
Establ i shing such a STANDARD does not preclude other provisions
whi ch an Agency may devel op.

o Wienever an Agency establishes a CCSDS-rel ated STANDARD, the
Agency will provide other CCSDS nenber Agencies with the
follow ng information:

The STANDARD itself.
-- The anticipated date of initial operational capability.
The-antici pated duration of operational service.

o Specific service arrangenents shall be made via nmenoranda of
agreenent.  Neither this RECOMMVENDATI ON nor any ensuing STANDARD
IS a substitute for a nenorandum of agreenent.

No later than five years from its date of issuance, this
Recomrendation will be reviewed by the CCSDS to determ ne whether it
should: (1) remain in effect wi'thout change: (2) be changed to
reflect the inpact of new technol ogi es, new requirenments, or new
directions; or, (3) be retired or cancelled.
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FOREWORD

This docunent is a technical Recomendation for use in devel oping
tel emetry channel coding systens and has_ been pregééed by the
Consul tative Committee for Space Data sttens_( DS).  The
telenetry channel coding concept described herein is the baseline
concept for spacecraft-to-ground data conmunication wthin nissions
that are cross-supported between Agencies of the CCSDS

This Recommendation establishes a conmon framework and provides a
common basis for the coding schenes used on spacecraft telenmetry

streans. |t allows inplenenting or?anizations W t hin each Agency to
roceed coherently wth the devel opnent of conpatible derived
t andards for the tlight and ground systens that are within their
cogni zance. Derived Agency Standards nay inplement only a subset

of the optional features allowed by the Reconmendati on and may
incorporate features not addressed by the Recommendati on.

Through the process of normal evolution, it is expected that
expansion, deletion or nodification to this document n%y occut.
This Recomendation is therefore subject to CCSDS docunent
managenent and change control procedurés which are defined in

Ref erence [1].

| ssue-| v May 1984



| ssue-|

DOCUMENT CONTROL

Title Date
Recommendation for Space May
Data Systens Standards: 1984

Tel enetry Channel Codi ng.

Status/Remarks

Original Issue

May 1984



PP Een
—N—N

o0 Wr

| ssue- |

CONTENTS

Page

REFERENCES. . . . . . . Vi i
INTRODUCTT ON . . . e e e e s s 1-1
1.1 PURPCOSE. . ... [ -1
1.2 SCOPE. . ... e, [ -1
1.3 APPLICABI LI TY . . e s e -2
1.4 BIT NUMBERI NG CONVENTI ON AND NOVENCLATURE . ...... 1-2
CONVOLUTI ONAL  CODI NG . . o oo e e e e e e e e e e e e e e e 2-1i
CONVOLUTI ONAL CODI NG W TH | NTERLEAVI NG FOR

TRACKI NG AND DATA RELAY SATELLI TE OPERATIONS ......... 3-1
3.1 INTRODUCTI ON. . ... i 3-1
3.2 DESCRIPTION. ... s 3-1
3.3 BYPASS CAPABILITY.v.n.. e e cer et e 3-1
REED- SOLOMON CODING. v v e o s eeeeeceossossasancnsassasssss 4-]
4,1 INTRODUCTION . . .. s s 4-1
4.2 SPECIFICATI ON. . ... e, 4-|
CONVOLUTI ONAL ENCODER BLOCK DIAGRAM. .. ... oo i 2-2
FUNCTI ONAL REPRESENTATI ON OF R-S | NTERLEAVI NG. ....... 4-2
CODEBLOCK PARTI TIONING. . . .. e i i 4-4
CODI NG SYSTEM BLOCK DI AGRAM. . . .. i A-3
PERFORMANCE OF VARI QUS CCODES I N A GAUSSI AN CHANNEL . .. A-4
TRANSFORMATI ONAL EQUI VALENCE. ... ...... .. ... .. ... .. ... B- 2
RATI ONALE . . . . . e Al
TRANSFORVATI ON BE' | WEEN BERLEKAMP

AND CONVENTI ONAL REPRESENTATIONS. .................... B- |
EXPANSI ON CF REED- SOLOMON CCOEFFICIENTS. .............. C I
GLOSSARY OF TERNB. . ..o e e e e D1

Vi May 1984



(1]

[2]

(3]

[4]

(6]

(7]

(8]

REFERENCES

*Procedures Manual for the Consultative Commttee for Space
Data Systems,' CCSDS, May 1984 or |ater issue.

"Telemetry Codi ng Standard,. European Space Agency ESA:TTC-A-
03, Issue No. 1, Decenmber 1979.

"*Tracking and Data Relay Satellite System (TDRSS) Users'
Guide, " NASA-Goddard Space Flight Center STDN 101.2, Rev. 4,
January, 1980.

"Deep Space Network/Flight Project Interface Design Book,
Volunme I'l: Proposed DSN Capabilities,. NASA-Jet Propul sion
Laboratory, Docunent 810-5, Rev. D.

*rRecommendation for Space Data System Standards: Packet
Tel enetry,' CCSDS, |ssue-l, May 1984.

Mller, R L., et al, 'On the Error Statistics of Viterbi

Decodi ng and the Perfornmance of Concatenated Codes,. NASA-Jet
Propul sion Laboratory Publication 81-9, September 1, 1981.

Perlman, M, and J. Lee, 'Reed-Sol onon Encoders - Conventi onal
vs. Berlekanp's Architecture,. NASA-Jet Propul sion Laboratory
Publ i cation 82-71, Decenber 1, 1982.

Qdenwal der, J. P., et al, *Bybrid Coding Systens Study," Final

Ifg é)rt, Contract NAS2-6722, Linkabit Corp., San D ego, Sept.

| ssue-| Vii May 1984



1.1 PURPOSE

The purpose of this docunent is to establish a coombon Recommendati on
for space telemetry channel coding systens to provide cross-support
among m ssions and facilities of nmenber Agencies of the Consultative
Commttee for Space Data Systens (CCSDS.) In addition, it provides
fpcu55|n% for the devel opnent of nulti-mssion support capabilities
within the respective agencies to elimnate the need for arbitrary,
uni que capabilities for each m ssion.

Tel emetry channel coding is a nmethod by which data can be sent from
a source to a destination by processing data so that distinct
nmessages are created which are easily distinguishable fromone
another.  This allows reconstruction of the data with low error
probability, thus inproving the performance of the channel.

Thi s docurment was prepared by the CCSDS primarily for thecﬁurpose of
|

facilitating the cross-support concept through standardizing key
itens of data systens conpatibility. Wil e the CCSDS has no power
of enforcement,” it is expected that this recomendation wll be

i ncorporated into each respective Agency's data systens standards,
and through them will aPpIy to all mssions that wish to utilize
tel emetry channel coding tor cross-support.

1.2 scopPe

Several space telenetry channel coding schemes are described in this
docunent. The characteristics of the codes are specified only to
the extent necessary to ensure interoperability and cross-support.
The specification does not attenpt to quantify the relative coding
gain or the nerits of each approach di scussed, nor the design
requirements for encoders or decoders. Sone performance information
is included in Annex A, Rationale.

This reconmendation does not require that coding be used on ail
cross supported mssions. However, for those planning to use coding,

bhe recommended codes to be used are those described in this
ocunent .

The rate 1/2 convol utional code recommended for cross-support is
described in Section 2, "Convolutional Coding." Depending on
performance requirenents, this code alone may be satisfactory.

Users of the NASA Tracking and Data Relay Satellite System ( TDRSS)

may be required to use periodic convolutional interleaving in
addition to the convolutional code above. This approach is

| ssue-| PAGE 1-1 May 1984
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described in Section 3, "Convolutional Coding with Interleaving for
Tracki ng and Data Rel ay satellite Operati ons.

Wiere a greater coding gain is needed than can be provided by the
convol utional code alone, a standard Reed-Sol onon outer code may be
concatenated for inproved performance. The specification of the
Reed- Sol onon code selected for cross-support iIs ‘given in Section 4,
"Reed- Sol onon Coding." It should be noted that if a spacecraft,

utilizing the services of TDRSS, ncorporates Reed-Sol omon coding,
it is the responsibility of the user project to provide the required
Reed- Sol omon decodi ng.

1.3 APPLI CABI LI TY.

This Recommendation applies to telemetry channel coding applications
of space missions anticipating cross support anong DS nenber

Agencies at the coding |ayer. In addition, it serves as a
uideline for the devel opnent of conpatible internal Agency

tandards in this field, based on good engineering practice.

1.4 BIT NUMBERING CONVENTI ON AND NOMENCLATURE

The following "Caution" should be observed when interpreting the bit

nunbering convention which is wused throughout this CCSDS
Reconmendat i on:

LA SRR AR SRR R R R R R R RE T R R TR E R R R R R PR R R IR GGG

g CAUTI ON *
* In this document, the followi ng convention is wused to =
. identify each bit in a forward-justified Nbit field. .
* *
“  The first bit in the field to be transmtted (i.e. the nost *
* left justified when drawing a figure) is defined to be "Bit .
* 0 the following bit is defined to be "Bit 1" and so on *
* up to "Bit NI". Wien the field is used to express a *
* binary value (such as a counter), the Mst Signjficant Bit *
* (E/'BB) shall be the first transmtted bit of the field, i.e. *
* ' "
. It o". :
* Bt O Bit NI .
* .
* 1 1 *
* ) *
: i N-BI T DATA FI ELD 3
*
* X
* LFirst bit transmtted = MSB .
* *
. *
A A RS R AR REA SRR Z R R EEE R R RS SEERR R RS R AR RR SR RS EEREERERRRARE R R R EFEEE
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In accordance with nodern data communications practice, spacecraft
data fields are often grouped into 8-bit "words" which conformto
the above convention. Throughout this Recommendation, the follow ng

nomencl ature is used to describe this grouping:

"8-bit word"™ = "Octet"
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2 CONVOLUTIONAL CODING

The basic code selected for cross-support is a rate 1/2, constraint-
| ength 7 convol utional code. It may be used al one, as described in
this section, or in conjunction with enhancements described in the
following sections. Wile slightly different conventions of this
code, currently in use by sone menber Agencies, nmy continue to be
scgg orted for an interimperiod, it is the recommendation of the

to universally adopt the single convention described herein.

This recommendation is a non-systematic code and a specific decoding
procedure, wth the following characteristics:1ls2

a. Nonencl at ur e: Convol utional code with maximum-
l'i kelihood (Viterbi) decoding.

b. Code rate: 1/2 bit per synbol

C. Constraint |ength: 7 bits

d. Connection vectors: Gl = 1111001, & = 1011011

e. Phase relationship: Gl is associated with first Synbol

f. Synbol inversion: On output path of @&

én engolder bl ock diagramw th the recomrended convention is shown in
ig. 2-1.

It is reconmended that soft bit decisions with at |east 3-bit
uanti zati on be used whenever constraints (such as |ocation of
ecoder) permt.

Footnote 1: The follow ng upper bounds to the data rates for

spacecraft tel enet r(}/ reception nmay exist because of synbol
synchroni zer or decoder limtations:

(a) ESA.  Maxi mum synbol rate is obtained at a data rate of 1 Ml/s
NRZ-L, or 500 kb/s split-phase. (Ref. [2])

(b) NASA-GSFC.  Maximum synbol rate is obtained at a data rate of 3
M/s NRZ. (Ref. [3])

(c) NASA-JPL: Current maximum synbol rate is 250 ksymbols/s. A
|<()I a]pne[d ]upgrade will be decoder-limted at 250 kb/s.
Ref. [4])
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NOTES :

|
1. = Single bit delay

)

2. For every input bit, two
i i i i ) synbol s are generated by
Y

conpl etion of a cycle for

— 0 t]2{3]4ls5]6 sl: Pos'n 1, Pos' n 2.
1
BN s s is

in the position
Gl shown (1) for the first
synbol associated with an
i ncomng bit.

b
.

®

s Do

nmodul 0-2 adder

inverter.

Figure 2-1. Convol utional Encoder Bl ock Di agram

Foot not e 2: When suppressed-carrier nodul ation systens are used,
NRZ-M or NRZ-L may be used as a nodul ating waveform  |f-the user
cont enpl at es conversion of his nodul ati ng waveformfrom NRZ-L to
NRZ-M such conversion should be performed on-board at the input to
t he convol uti onal encoder. Correspondingly, the conversion on the
ground from NRZ-Mto NRZ-L should be pertorned at the output of the

convol utional decoder. This avoids unnecessary |ink performance
loss and is shown in Fig. A-l.

CAUTION.  Wien a fixed pattern in the synbol streamis used to
provi de node synchronization for the Viterbi decoder, care nust be

taken to account for any translation of the pattern due to the
modul ati ng wavef orm conversi on.
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3 CONVOLUTIONAL CODING WITH INTERLEAVING FOR
TRACKING AND DATA RELAY SATELLITE OPERATIONS

3.1 | NTRODUCTI ON

Users of the TDRSS S-band Single Access (ssa) Channel, where the
channel synbol rate exceeds 300 ks/s, Will be required to enpl oy
|nterleaV|n% in conjunction with the convolutional code which has
been described in ction 2. Users are cautioned that if such
interleaving is not used under these conditions, the Goddard Space
Flight Center Networks Directorate does not guarantee the specified

pertormance and will not be obligated to troubl eshoot the systemin
case of problens. (Ref. [3])

It should be noted that this interleaving is totally separate and
distinct fromthe interleaving used in conjunction with the Reed-
Sol onon code described in Section 4.

3.2 DESCRI PTI ON

The tYpe of interleaving required is called "Periodic Convol utiona
Interleaving" and is specified in Appendix J of the TDRSS Users's
Quide. (Ref. (3])

3.3 BYPASS CAPABILITY

A TDRSS- conpati bl e spacecraft using the Periodic Convol utional
Interleaving specified in this section nust be capable of bypassing
its Periodic Convolutional Interleaver in the event direct support
from a non- TDRSS ground track|n%_stat|on is desired. This is
because the interference that this interleaving is designed to
protect against is not harnful in this configuration, and noreover

the necessary de-interleavers do not exist at these ground stations.
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4 REED-SOLOMON CODING
4.1 | NTRODUCTI ON

Wil e a convol utional code provides good forward error correction
capability in a gaussian noi se channel, significant additional
i nprovenment (particularly to correct bursts of errors from the
Viterbi decoder) can be obtained by concatenating a Reed- Sol onon
(R-S) code with the convolutional code. The Reed-Sol onon code forns
the outer code, while the convolutional code is the inner code. The
over head associated with the Reed-Sol onon code is conparatively |ow,
and the inprovenent in the error performance can often provide the
nearly-error-free channel required to support efficient automated
ground handling of space mssion telenetry.

The user is cautioned that the RS outer code described in this
section is not intended for use except when concatenated with the
i nner convol utional code described in Section 2.

The TDRS System does not furnish any Reed- Sol onon decodi ng servi ces.

4.2 SPECI FI CATI ON
The paraneters of the sel ected Reed- Sol onon code are as follows:
(a) J = 8 bits per RS synbol

(b) E= 16 RS synbol error correction capability within a Reed-
Sol omon  codewor d.

(c) General characteristics of Reed-Sol onobn codes

1. J, E, and I, the depth of interleaving, are independent
par amet ers.

2. n = 2J-1 =255 synbols per RS codewor d.

2E is the nunber of RS synbols anong n synbols of an R-S
codeword representing checks.

(V)
.

4. k= n-2E is the nunber of R-S synbols among n R-S synbol s
of an R-S codeword representing information.

(d) Field generator polynom al:

over GF(2)
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‘e) Code generator polynom al:

143 32
g(x) = (x = alld) = Gixi
I - Zl
j =112 1 =0

over GF(28),
where Fa) =0

It should be recognized that all is a primtive element in

GF(28) and that F(x) and g(x) characterize a (255,223) Reed-
Sol onon code.

(£) The selected code is a systematic code. This results in a
systemati ¢ codebl ock.

(g) Synbol Interleaving

Synbol interleaving is acconplished in a manner functionally
described with the aid of F%P. 4-1. (It should be noted that
this functional description does not necessarily correspond to
the physical inplenentation of an encoder.)

R-S Encoder ¢ 1

sl S2
I'N aut
0—— R-S Encoder # | —r—0

Fig. 4-1. Functional Representation of R-S Interleaving

Data bits to be encoded into a single Reed-Sol onon Codebl ock
enter at the port labeled "IN" Switches s1 and S2 are
synchroni zed toget her and advance from encoder to encoder in
the sequence 1,2, . . . I, 1. . ., spending one R-S synbol tine

(8 bits) in each position

One codeblock will be formed from 2231 RS synbols entering
"IN" In this functional representation, a space of 321 RS

s¥nbols'Ln duration is required between each entering set of
2231 R-S information synbols.

Yecnria=1 Ao% Yol - B, | UMarr TQO0A
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Due to the action of s1, each encoder accepts 223 of these
symbol s, each synbol spaced | synbols apart ﬁ| n the original
stream) These 223 synbols are passed directly to the output
of each encoder.  The ‘synchroni zed action of S2reassenbles the
sytrrbolds tat ) Itl\rlle" port labeled "QUT" in the sane way as they
entered a .

Following this, each encoder outputs its 32 check synbols, one
synbol at a tine, as it is sanpled in sequence by S2.

|f, for 1=5, the original synbol streamis

1 51 5 1 5

d ...dd ... d .. .. . d o [32 x 5 spaces]
1 12 2 223 223

then the output is the sanme sequence followed by the [32x5]
parity synbols as shown bel ow

1 5 1 5
P «-« P .... P P
1 1 32 .** 32
1y 1 i i
wher e dd .. .d p P
12 223 1.** 32
is the RS codeword produced by the ith encoder. If g virtual
fill synbols are used in each codeword, then replace 223 by

(223 -'q) in the above discussion.

Wth this nmethod of interleaving, the original kI consecutive
informati on synbols that entered the encoder appear unchanged
at the output of the encoder with 2EI R-S check symbols
appended.

The recommended value of interleaving depth is 1=5, but 1=11is
permtted. (See Footnote 3.)

(h) Maxi num Code Bl ock Length
The maxi num code bl ock length, in RS synmbols, is given by:

erax = nl = (2J - 1)1 = 2551

Footnote 3. Users of TDRSS are cautioned that, under some speci al
RFI circunstances, additional neasures may have to be
enpl oyed to obtain a required performance. One such
approach may be to utilize a Reed-Sol onon code wth a
different depth of interleaving. In addition to 1=1 and
I=5, ESA w || support 1=8.
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(i) Shortened Code Bl ock Length®

A shortened code block length may be used to accommodate frame
| engths smaller than the nmaxi mum However, since the Reed-
Sol onon code is a block code, the decoder must always operate
on a full block basis. To achieve a full code block, "virtua

fill" must be added to nake up the difference between the
shortened bl ock and the maxi num code bl ock length.  The charac-
teristics and limtations on virtual fill are covered in para-
graph (3.) Since the virtual fill is not transmtted, both
encoder and decoder nust be set to insert it with the proper
length for the encoding and decoding processes to be carried
out properly.

Wien an encoder (initially cleared at the start of a bl ock)
receives kI-Q synbols represent|ng I nf ormati on, gmhere Q,
representing fill, is a nmultiple of I, and is less than kI1,)
2El check synbol s are conputed over kI synmbols, of which the
l eading Q synbols are treated as all-zero synbols. A (nI-Q,
k1-Q) shortened codebl ock results where the |eading Q synbols

(all zeros) are neither entered into the encoder nor
transmtted.

(j) Partitioning and Virtual Fil

The codebl ock is partitioned as shown in Fig. 4-2.

[{===mmmmmmm e Maxi mum Codebl ock length---------------- >/
|
V&;tual RS Check
I I P R Transfer Frang ------- >|  Synbol s
(Zer os)
<__- Transmtted Codeblock=—=—===cemmeau- >

Fig. 4-2 Codeblock Partitioning

The Reed-Solomon Check Sympols consist of the trailing 2EI
synbols (2EIJ bits) of the codebl ock.

The Transfer Frame is defined by the CCSDS Recommendation for
Packet Telenmetry (Reference [5]). For 1=5, it has a |ength of
8920 bits, which includes the 32-bit RS codebl ock marker used
to synchroni ze the Reed- Sol onon codebl ock.

Footnote 4: It should be noted that shortening the block length in
this way changes the overall performance to a degree dependent
on the amount of virtual fill used. Since it incorporates no
virtual fill, the Packet Telenmetry transfer frane |ength
recommended in Reference [5] allows full performance.
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The Transmitted Codeblock consists of what is actually
transmtted on the space telenmetry channel (i.e., it consists
of all bits transmtted fromthe beginning of one RS codebl ock
marker to the beginning of the next R S codebl ock marker.)
For 1=5 and with no virtual fill, this is 10,280 hits.

[f used, wvirtual fill shall:

a) consist of all zeros.

b) not be transmitted,

c) not change in length during a tracking pass.

d) be inserted, prior to decoding, only at the beginning of the
codeblock (i.e., before the transmtted frane sync word.)

e) be inserted only in integer multiples of 81 bits.
(k) Synbol representation and ordering for transm ssion

Each 8-bit Reed-Sol onmon synbol is an elenent of the finite
field GF(256). Since GF(256) is a vector space of dinension 8
over the binary field Gr(2), the actual 8-bit representation of
a synbol is a function of the particular basis that is_chosen.
One basis for GF(256) over GF(Z} is the set {1, al, a2, . . .
a’}. This means that any elenent b of G-(256) has a
representation of the form

b= U7a7 + \.1636 +... + ulal + ug 1
where each ui 1S either a zero or a one.

There is another basis {15, 11, . . . 17} called the "dual basis"
to the above basis. It ﬁas the property that

1 if i = |
Tr (liaj) =
( ) 0 otherw se

for each | =0, 1, 7. The function Tr(z), called the

"trace," 1s defined'by '
7
§ k
Tr(z) = 22
k=0

for each elenment z of GF(256). Each Reed-Sol onon synbol can
al so be represented as

b= Zolo + lel'+...+ 2717
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where each zj is either a zero or a one. The representation
recommended in this docunent is the dual basis eight bit string
zR, Z1s ...r 27, transmitted in that order (with zq first.)
Tle relationship between the two representations is given by
the two equations

10001101
11101111
11101100
(zg,.** , 27] = [lug, ...  ugl 10000110
11111010
10011001
10101111
01111011
and _ ]
11000101
01000010
00101110
(uz, ... .oyl = [zg, . ... 27l 11111101
11110000
01111001
10101100
11001100

Further information relating the dual basis (Berlekanp) and
conventional representations is given in Annex B. Al so
included is a recommended schene for permtting the synbols
generated in a conventional encoder to be transformed to neet
the synbol representation required by this docunent.

(1) Synchroni zati on5

Codebl ock synchroni zation of the Reed-Sol onon decoder is

achi eved by synchronization of the 32-bit RS codebl ock narker

This marker may be supplied as part of the Packet Telenetry

Transfer Frame (Ref. [5]) or it may be supplied as part of the

R -S encoding layer. The bit pattern for the marker is:
(Currently under study.)

(m) Anbiguity Resolution

The anbiguity between true and conpl emented data mnust be

resolved so that only true data is provided tc the Reed- Sol onon

decoder. Data in NRZ-L formis normally resolved using the 32-

bit R-S codebl ock marker, while NRZ-M data is self-resolving.
Footnote 5: CAUTION' |f the Packet Telenmetry Transfer Frane Fornat
defined in Reference [5] is NOT applied to the data space of the RS
codebl ock, then the user is cautioned that under certain repeating
data conditions the sync narker pattern nay be regenerated in the
check synbol field of the codeblock and this may lead to
synchroni'zation difficulties.
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ANNEX A:

RATI ONALE
Pur pose:
Wiile the body of this docunment treats the technical specifications
for the recomended coding systens, this annex provides the
rationale for the choices of the coding types and their specific
par anet ers.
Stat us:

(TH'S ANNEX IS NOT PART OF THE RECOMVENDATI ON)
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1 | NTRODUCT! ON

Channel coding is a nmethod by which data can be sent froma source
to a destination b% processing data so that distinct nessages are
easi |y distinguishable fromone another. This allows reconstruction
of the data wth [ow error probability.

In spacecraft, the data source is usually digital, with the data
represented as a strln% of zeroes and ones. A channel encoder (or
sinply "encoder") is then a device that takes this string of binary
data and produces a nodul ati ng waveform as out put. If the channe
code is chosen correctly for the particular channel 1 n question,
then a properly designed decoder will be able to reconstruct the
original binary data even if the waveforns have been corrupted by
channel noi se. If the characteristics of the channel are well
understood, and an appropriate coding schene is chosen, then channel
coding provides a higher overall data throughput at the same overal
quality (bit error rate) as uncoded transmssion - but wth |ess
ener gy exFended per information bit. Equi val ent |y, 8hanne| codj n
allows a |ower overall bit error rate than the uncoded system usin
the sanme energy per information bit.

There are three other benefits that may be expected from coding.
First, the resulting "clean" channel can benefit the transm ssion of
conpressed data. The purpose of data conpression schemes is to map
alarge anount of inputdatainto a smaller nunber of bits. This is
done by renoving redundant data. Since the nunber of bits that are
actually transmtted is often nuch |ower than in an unconpressed
system and each bit carries nore information, conpressed data are
more sensitive to errors.

Second, a low bit error rate is also required when adaptive
telemetry is used. I n adaptive telenetry, information on how
various ground processors should treat the éncoded data is included
as part of the data itself. An error in these bits could result in
I nproper handling of subsequent data and the possible |oss of much
i nformation

Third, low error probability telemetry may allow a certain amount of
unattended m ssion operations. This is principally because the
operations systens wll know that any anonalies defected in the
downlink data are extrenely likely to be real and not caused by
channel errors. Thus, operators may not be required to try to
di stingui sh erroneous data from genui ne spacecraft anonalies.




Ina typical space channel, the principal signal degradations are
due to the | oss of signal energ¥_mnth i stance, and to the thermal
noise in the receiving system he codes described in this document
can usually provide good communi cation over this channel. An
addi ti onal degradation, caused by interference from earth-based
pul se radars, may occur for users of TDRSS. Such users may consi der
addi ng periodic convolutional interleaving (pCI) to their codin?
system in this case, they should carefully analyze the effects o
the pCI on their systens.

| f interagency cross support requires one agency to decode the
telenetry of another, then the codes recommended in this document
shoul d be used. A block diagram of the recommended coding system
appears in Figure A-l.

r— o 7
| SYPASS MANDATORY |
FOR CROSS SUPPORT
| l I
0 L] SHORT
REED-SOLOMON NU-L CONSTRAINT l PERIOOIC I MODULATOR
—gpa| ENCODER A N D e TO -M s | ENGTH CONVOLUTIONAL AND
‘ INTERLEAVER | CONVERSION | |convowmona I I INTERLEAVER A7 ¥
| | || !
 J
! | | | b ——— — =
I | | |
| I I | ’
. I | l ’
I | | I
I I | |
I I I |
| I I {
.
I REED-SOLOMON o | NRZ-m* ° | VITERSI I PERICOIC RF
‘—T— DECODER  AND TO -L DECODER CONVOLUTIONAL | g  AND
*DENTERLEAVER" I CONVERSION | : I DE ~-NTERLEAVER | DEMODULATOR
| s I I
| |
OUTER INNER
COoE CODE
o 1 OPTIONAL
(MAY BE BYPASSED) * o - AT WHITE SANOS GROUND STATION ONLY
Figure A-l. Coding System Bl ock Diagram

The relative performance of the various codes in a Gaussian channel

is shown in Figure A-2 (from Ref. [6].) Here, the input is
constrained to be chosen from between two |evels, because biphase
modul ation is assumed throughout this reconmendation. These
per formance data were obtai ned by sof tware simul ati on and assune
that there are no synchronization [osses, The channel synbol errors
were assuned to be independent. This is a good assunption for the
deep space channel. Also, infinite interleaving was assumed in the
Reed- Sol onon code. It is clear from the figure that the
convol utional code offers a coding gain of about 5.5 4B over an
uncoded system at a decoded bit error rate of 10-3. The use of the
out er Reed- Sol onon code results in an additonal 2.0 &8 of coding
gain. Note that figure A-2 does not necessarily represent the
performance of the TDRSS channel .
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: AN
i
. SHANNON * S
LIMIT
| FOR RATE
m"r- 1/2 BINARY )
- CODES *
; r UNCODED TRANSMISSION
g (7,1/2) CONVOL- !
S0 UT1ONAL CODE
! (7,1/2)conv S b
g : CONCATENATED ) OLUTIONAL CODE
- WITH (255,223)
| REED-SOLOMOYN
L CODE . .
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!
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[ 3. " 1
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- WTH 3-BIT QUANTIZATION

Figure A-2. Performance of various codes in a Gaussian channel.

These codes are included in the recommendation because they
represent state-of-the-art coding technology and provide substantia
coding gain over an uncoded Ssystem They have already been

incorporated, or are planned to be incorporated, into mssi‘ons of
menber Agenci es of the CCSDS

The next three sections explain the choice of the codes and the
paranmeters of each code in nore detail

2 THE CONVOLUTI ONAL CODE

Arate 1/2, constraint length 7 convolutional code with Viterbi
(maxi mum | i kel i hood) decoding is already a standard for both NASA

and ESR It has been used in several mssions and has denonstrated
t he expected coding gain.

The encoder for this code is extrenmely sinple. It consists of a
shift register of length six and sone exclusive OR gates that
i npl ement  the two parity checks. The two checks are then
mul'ti plexed into one line. °"This nmeans that the encoder can be nade
small and that it dissipates very little power. These are good
attributes for spacecraft hardware.

It has been customary to invert one or the other parity check in the
encoder. This is to ensure that there are sufficient transitions in
t he channel stream for the synmbol synchronizer to work in the case
of a steady state (all zeroes or all ones) input to the encoder.

H storically, ESA NASA-GSFC and NASA-JPL each have used a different
ordering of the two parity checks or has used a different check
inverted. Performance is not affected by these mnor differences.
While interim cross support of these different conventions may
require mnor differences in ground station equiprment, all Agencies
are encouraged to adopt for all facilities the single convention
described in this document, which is the NASA- GSFC conventi on.
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3 PERI ODI C CONVOLUTI ONAL | NTERLEAVI NG

Low earth-orbiting spacecraft sending telenetry to the ground using
the services of the TDRSS S-band Single Access (ssa) channel when
synbol rates exceed 300 ks/s may experience pulsed radio
interference which is expected to severely degrade the I|ink
erformance during certain portions of the user orbit. In order to
e able to maintain specified performance on this link at all times,
the user satellite nust enploy an interleaving technique in
conjunction with the convol utional coding and nust increase the
effective isotropic radiated Power EIRP).  These techniques wil
insure that no nore than one of the dependent synboi errors due to a
single RFI pulse is within the path nenory |ength of the decoder at
any_gyven tinme, and that the signal energy has been increased
sufficiently to offset the increased synbol error probability.

The interleaving paraneters have been selected to achieve this goal
for a particular worst-case pulse interference signature and the
maxi mum synbol rate (6 Ms/s) of the SSA channel. De-interleaving
nust take place before convol utional decoding, and therefore i§
acconpl i shed at the Wite Sands G ound Termi nal

4 THE REED- SOLOMON CCDE.

Due to the nature of Viterbi decoding, the decoded bit errors of the
(7, 1/2) convolutional code tend to clunp together in bursts. For
this reason, in a concatenated coding system that uses a

convol utional inner code, the outer code should be tailored to a
burst error environnent.

The code that is recommended as the outer code is a (255, 223) Reed-
Sol onon code. This code is a non-binary code. Each nenber of jts
codi ng al phabet is one of 256 elenents of a finite field rather than
a zero or a one. A string of eight bits is used to represent
elements in the field so that the output of the encoder still |ooks
like binary data.

Reed- Sol omon codes are bl ock codes. This means that a fixed bl ock
of input data is grocessed into a fixed block of output data. In
the case of the (255, 223) code, 223 Reed-Sol onon input synbols
each eight bits long) are encoded into 255 output synbols. The
eed- Sol onon code in the recomrendation is systematic.  This means
t hat sonme portion of the codeword contains the input data in un-

altered form In this case, the first 223 synbols are the input
data.  The Reed- Sol onon decoder al nost al ways knows when there are
too many errors to correct a word. In the event this happens, the

decoder can informthe user of this fact.

A Reed- Sol onon synbol size of eight bits was chosen because the
decoders for |arger synbol sizes would be difficult to inplenent
with current technology. This choice forces the |ongest codeword
length to be 255 symbols. A 16 R-S symbol error ~ correction
capability was chosen as this was shown to have the besst perfornance
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when concatenated with the (7, 1/2) convolutjonal inner code (Ref.

8]1.) Since two check synbols are required for each error to be
_orrected, this results in a total of 32 check synbols and 223
i nformation symbol s per codeword.

The (255, 223) Reed- Sol onon code is capable of correcting up to 16
Reed- Sol onmon synbol errors in each codeword. Si nce each synbol is
actually eight bits, this nmeans that the code can correct Up to 16
short bursts of error due to the inner convol utional decoder.

In addition, the Reed-Sol onbn codewords can be interleaved on a
synbol basis before being convolutionally encoded. Since this
separates the synbols in a codeword, it becones less likely that a
burst fromthe Viterbi decoder disturbs nore than one Reed- Sol onon
symbol in any one codeword. This inproves the performance of the
Reed- Sol omon code.  An interleaving depth of five was chosen for two
reasons. A depth of five results in performance that js virtually
i ndi stinguishable from a depth of |n§inity. Al'so, a depth of five
results 1n a frame length (a set of five Codewords) that is a good
conprom se considering ease of handling, data outages (quality,

quantity and continuity,) and frane sync rate.

The sanme encodi ng and decoding hardware can inplenent a shortened

(n, n-32) Reed-Sol onpn code where n=33, 34, . . . 254.  This js

acconpl i shed by assuming that the remaining synbols' are fixed: in

the case of the recommendation, they are assumed to be all zero.
"his virtual zero fill allows the frame length to be tailored, if
:cessary, to suit a particular mssion or situation.

The method currently recomended for synchronizing the codeblock is
by sKnchronyzat|on of the transfer franme which contains a frame
synchroni zation marker of 32 bits. However, advanced approaches
beln? studied (e.g., self-synchronizing Reed-Sol onon codes) may

enable these two functions to be separately synchronized in the
future

The Reed- Sol onon code, like the convolutional code of Section 2, is
transparent. This neans that if the channel synbols have been
i nverted sonewhere along the line, the decoders will still operate.
The result will be the conplenent of the original data. The Reeg-
Sol omon code loses its transparency if virtual zero fill iIs used.

For this reason it is mandatory that the sense of the data (i.e.
true or conpl emented) be resolved before Reed- Sol onon decodi ng.

The two polynomals that define the Reed-Sol omon code (Sec. 4.2 (d)
and (e)) were chosen to mnimze the encoder hardware. The code
generator polynomal is a palindrome (self-reciprocal polgnonial) SO
that only half as many multipliers are required in the encoder
circuit. The particular primtive elenent, "a", (and hence the
field generator polynomal,) was chosen to make these nultipliers as
sinple as possible. An encoder wusing the "dual basis"

tpresentation requires for inplenmentation only a small nunber of
.ntegrated circuits or a single VLSI chip.
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ANNEX B:

TRANSFCORVATI ON BETWEEN BERLEKAMP
AND CONVENTI ONAL REPRESENTATI ONS

Pur pose:

This annex provides information to assist users of the Reed- Sol onon
code in this Recommendation to transform between the Berl ekanp (dual
basi s) and Conventional representations. In addition, it shows
where transformations are nade to allow a conventional encoder to

rodéjce the dual basis representation on which the Recommendation is
ased.

St at us:

(TH'S ANNEX IS NOT PART OF THE RECOMVENDATI ON)
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Qeferring to Figure B-1, it can be seen that information synbols |
:ntering, and check synbols C emanating from the Berlekanp RS
encoder are interpreted as

[201 217 eeos ¢ 27]
where the conponents z; are coefficients of 1j, respectively:
Z9lg + 2317 + ...+ 2719

| nformation synbols 1' entering and check synbols ¢' emanating from
the conventional RS encoder are interpreted as

[u7' u6l.. . 'u0]

where the conponents uj are coefficients of aj, respectively.

u7a7 +u6a6+ N

A pre- and post- transformation is required when enploying a
conventional RS encoder.

C
> Ber | ekanp RS Encoder >
—_—

C

Ta1”! Tal
1 C'
>| Conventional RS Encoder
Fig. B-1. Transformational Equivalence

Conventional and Berl ekanp types of (255,223) Reed-Sol onon encoders
are assuned to have the sane self-reciprocal generator oPOl ynomni al
whose coefficients appear in paragraph 4.2 (d) and (é). The
representati on of synbols associated wth the conventional encoder
are the polynomals in "a" appearing in Table B-l, Dbelow
Corresponding” to each polynonial in "a" i's the representation in the
dual basis of synbols associated with the Berlekanp type encoder.

G ven )
al = uja? + uga® +...+up

raroD DN Mav 1QR4



wher e 0 <i < 255

and a* denotes the zero polynomal, u7, u, . . . =0,

the corresponding elenent is

z = 2olg+2z31l; + ...+ 2719
wher e (zg, 21/ +eer 27] = [u7, ug:, , uglTal
and 10001101
11101111
11101100
Tal = 10000110
11111010
10011001
1010111"' 1
01111011
Row 1, row 2, . . . ,and rOW'8If1Tal are representat|o€s |n the dua
basis of a7 (10 . . . 0), a® (010 . . 0,. . . ,and . 01y,

respectively.

The inverse of Tal is

™ a
11000101
01000010
00101110
Tay ™t = 11111101
11110000
01111001
\ 10101100
1100110 OrJ
Row 1, row 2, . . / and row 8 in.J -1 are polynomals in "a"
corresgondln to 1 0),11(fﬁ . 0, ..., and 17 (00,
: ,respect|vee%y Thus
{20, 22+ . «or 27] Tal'l = [u7, wugs. .. 6 ugl
Exampl e 1:
G ven information synbol I, [29,2zy,. .. z7] = 10111001
t hen
Tal_1
[10111001] [1100010; ]
01000010
00101110
11170000
= [u ’ ’ ee o 7 = = '
01111001 7r Ug ugl = 00101010 = 1
10101100
| 11001100
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Note that the arithnetic operations are reduced modulo 2. ¢,
lzg, 21, . . . ,2z7]= 10111001
and [u7, ug, . . . . ugl=00101010 (a2l3)

are corresponding entries in Table B-1.

Exampl e 2:
G ven check synbol ¢!,

lay, ag, ..., |g] =01011001 (al52)
Then,

(01011001 ] ' 10001101
11101111
11101100
10000110
11111010
10011001
10101111
01111011

-

= [Zo, Z1s +e.y 2zZ7) = 11101000 = C

Yrmmivea NAroc o_4 My
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Table Representations. of

p
0 POLY
W IN
£ ALFHA
R
. 00000000
0 00000001
1 00000010
2 00000100
3 00001000
“ 00010000
5 0010G000
6 010025000
7 10000000
8 10002111
9 10001001
10 10010101
11 10101101
12 11011101
13 00111191
14 01111010
15 11110100
16 01101111
17 11011110
15 00111011
19 01110110
20 1110110¢0
21 01011111
22 10111113
23 11111011
24 01110001
2s 11106010
26 01000011
27 10000110
25 10001011
29 10010001
30 101001901
Foot note 1:
Not e

Coefficients of the "Polynom a
as the "Pol ynoni al
listed in descending powers of a,

| ssue-|

in a"

Q0000000
01111311
10101111
10011u01
11111010
10000110
11101100
11101111
10001101
11003003
00001-~00
111030cC1
01111001
11111100
01110010
11010000
10010301
10110100
00101v00
Clp00100
10110011
11101101
11011110
00101011
00100110
11111110
00100001
00111011
10111011
10100011
01110000
10903C11

From Tabl e 4 of Ref.

as used

PAGE B-5

1

P
C POLY
w If.
£ ALPHA
R
31 11001101
32 00011131
33 00111010
34 01110103
35 11101053
36 01010111
37 10101113
38 1101l
39 00110001
40 01100510
41 11000100
42 00001111
43 00011110
-4 00111100
4c 01111000
46 11110000
&7 01100111
“3 11001110
49 00C11011
S0 00110110
51 01101100
52 1i1vllyco
S3 00110111
54 0l1190111l¢C
S5 11011100
56 001111112
57 0111110
Sa 11111105
59 01111111
60 1111111
61 011114011
62 111: 3110

n A

hi s

ar’,

- - - -
1 Tttt i R Y

0l11101¢
10011113
0c111111
0C011100
li1010¢
Goi10010¢0
110110
11201010
00210C01
lioi1011¢c
11111311
10110111
dio001010C
0Cc21001
0lili1ily
00021000
Clooilyg
1121110
1210100¢
0101113,
0i100000
goo1111c¢
0C10Citl:
lizc111:
1¢22011:
1lui11¢:
0l2lg1i0¢0C:
01101011
delisein
1150010¢
loigciol:
Jeriiil

pha" colum are the sane
recommendat i on,
starting with a’

and are
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CCSDS RECOMMENDATION FOR TELEMETRY CHANNEL CODING

Iable B-1, Cont'd,

P P
0 POLY o] POLY
W IN W IN Ve
E ALPHA ‘11123“567 £ AL PHA 4-/0123»'4»567
R R
63 01101011 00101101 95 10111010 10110010
64 11010110 11010010 96 11110311 11011100
65 00101011 11000010 97 01100001 01111000
66 01010110 01011111 98 11000019 11001101
67 10101100 00900013 99 0ocogoll 112190100
68 11011111 0i1glo0c1t 100 060C001190 06110110
69 00111001 11101011 101 00001100 01100011
70 01110010 00101310 1c2 00011060 giirlloo
71 11100100 00010111 103 00110003 01101015
» 01001111 01011000 104 01100000 00000011
9 10011110 11000111 105 11007000 0l1g00Clo
74 10111011 11001001 106 0o0uo0l1l 01201101
75 11110001 0111011 107 0Qguol1110 11001103
76 0llociol 11100001 108 00011100 11100101
77 11001010 00110111 109 00111000 1001000~
78 00010011 01p91d¢C1l0 110 61110000 1000101
79 00100110 l1gllo1g 111 111000¢C0 10001110
a0 0lo001100 10001100 112 01000111 10100019
81 1001100°3 11110001 113 10001110 017000051
82 13110111 10101010 114 1agi1c1 96190102
83 11101001 00001111 115 10110u0l 10011100
au 01010101 10001011 116 1110c101 0li1c1l0¢
85 10101010 00110100 117 01601101 11110111
86 1101¢011 00110000 119 10011010 0lol1lly
87 00100001 10010111 119 10110011 0CG11001:
88 01000010 010000019 1219 11100501 1111010
89 10000100 00010100 121 0100C101 00001101
90 10001111 00111010 122 10001310 11511357
91 13011001 10301010 123 1001353011t 11511111
92 10115101 00000101 124 10100001 OLylidle
93 11101101 10010110 125 11000101 10600000
94 01011101 01113001 126 00001101 00011030
Taetha=1 PAGE B-6 Mav 1984



139
140
141
142
143
144
145
146
14?7
148
149
150
151
152
153
154
155
156
157
158

CLOUD KOELUARLNUALLUN UK LILLARAGLTKI COANNLGL CUULMNG

00011010
00110100
01101000
11010000
001001' 11
01001110
10011100
10111111
11111001
01110101
11101010
0101001:
10100110
11001011
00010001
00100010
glooclioo
10001003
10010111
10101001
11010101
00101131
01011013
10110100
11101111
01011001
10110010
1110c01ll
01000001
10000010
10000011
10000001

Issue-I|

Table B-1, Cont'd.

11010011
11110011
11111001
11100100
10100001
00100011
01101000
01010000
10001001
01100111
11011011
10111101
0lplolll
0lp01100
11111101
1900011
01110113
01110111
01005110
11100000
00000110
11110103
00111100
01111110
00111001
11101000
0i1g01vo00
Olollo0lc
10010100
0€100210
01011001
11110110

PAGE B-7
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177

181

182

183
184
185
186
187
188
189
19¢

10000101
10001101
10011101
101111¢1
11111101
01111101
11111010
01110911
11100110
01001011
10010110
iclolo01ll
11010001
0olgolcl
01601010
10010100
101011'11
11011001
00110101
01l01nlo
11510100
30101111
01011110
10111100
11111111
01111001
11110010
01100011
11000110
00001311
00310115
00101100

01101111
1010101
00010011
11111111
0001000~
1911108
01011101
01010001
1011100n
11500001
60111101
0loctilln
1¢011111
0Coutilly
111111013
1¢010019
11310110
01100101
1u001l000
0:n10llc
01111131
dic11012
13100131
10000100
12111111
g¢nrzolce
11011
11910112
0lg1a1se
0010111:
1¢1100¢°
1oco1111
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205
206
207
208
209
210
211
212
213
219
215
216
217
218
219
220
221
222

CCSDS RECOMMENDATION FOR TELEMETRY CBANNEL CODING

01011000
10110000
11100111
01001001
10010010
10100011
11000001
00000101
00001010
€0010100
00101000
01010000
10100000
119000111
00001001
00010010
00100100
01001000
10010000
101001112
11001001
00010101
00101013
01013103
10101000
11010111
00101001
01010010
10100100
11301111
00011001
00119010

| ssue-|

Table B-l. Concluded

10010011
11100111
11900011
01101310
10100100
10110101
00011001
11100310
01010101
00oli111
00010110
01101001
01100001
00101111
10000031
00101001
01110291
00010101
00001011
00101100
11100011
01100100
10111001
11110900
10011611
10101001
01101101
11003110
11111000
l11g101cl
00000111
11000101

PAGE B-8

244
46

249
242
250
251
252
cS3
=54

- - -
-

01100100
1100106G0
00010111
00101110
01011100
10111000
11110111
01101001
11610010
00100211
01000110
lovoli0o
1011111
10111301
11110101
01101101
11011010
0011lo0c1l
01100110
110011060
00011111
60111110
01111100
11111093
0l1lic11l
11101110
01viivll
10110115
11101011
01513001
10100013
11000-11

2

1236567

10011010
13011002
1100101
001000¢C2
00001012
00011101
0lgo001c¢C:
10000010
0igc1011
001119007
{1c11001
1l1p111¢
lei1tioc
0110011
11121010
0CGa11011
10110001
1ol11t10
0c110101
002203
0011C001
lo1600110
1110011;
1i119001¢
1100100:
0100001;
Cloedll:
113190001
1d10¢c0¢3
0dpiaot:
1loc11t:
lol10t11s
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ANNEX C:
EXPANSI ON OF REED-SOLOMON COEFFI Cl ENTS

Pur pose:

Wil e the equations given in the Reed-Sol omon Coding Section of this

Recommendation are fully specifyi nqh th| s annex provides additional
assi stance for those inplementing the code.

St at us:

(TH'S ANNEX IS NOT PART orF THE RECOMVENDATI ON)

| ssue-| PAGE C | May 1984



CCSDS RECOMMENDATION FOR TELEMETRY CHANNEL CODI NG

Coefficients of

G = G633
Gy =Gz
& = G639
@ = G
Gy = @28
Gs . @7
6 = Gy
G = Ggs
Gs = x4
Gg . @3
Gigp = X2
al =6
G12 = G290
€13 = G4
Gi4 = Gi1g
G15 = G17
Gie = a24

= a0

= a249
= a59
= abb6
= at

= a43
= al26
= a251

Pol ynom al in a:

al a6 a5 a4 a3 a2 a 1
O 0 0O 0O O 0 01
0O 1 0 1 1 0 1

111111
1 01011

0O 010 O
0 0111

0

1

0O 0 0 1101
1101011

0
0
0
0
0
1
0
1010
0
0
0
0
1
0
0

1
1
0
0

0

110 0 0 01
0101

0O 0 010 0 O
0101010
0110 0

1 01 0 0
0101 11
010 0 0 O O
1110 O 01

Note that G5 = Gyg = Gj3 = Gjg.

Further 1information,

by Perlman and Lee in Reference [7].

| ssue-|
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i ncl udi ng encoder bl ock diagrans,

i's provided
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CCSDS RECOMMENDATION FOR TELEMETRY CHANNEL CCDI NG

ANNEX D
GLOCSSARY OF TERM

Pur pose:

This annex provides definitions for many of the technical terms used
in the Recommendation to help clarify their nmeaning anong users and
reduce the possibility of msunderstanding anong nultinational
i npl enent ers.

St at us:

(TH'S ANNEX IS NOT PART OF THE RECOMVENDATI ON)

| ssue- | PAGE D | May 1984



CCSDS RECOMMENDATION FOR TELEMETRY CHANNEL CODI NG

GLOSSARY OF TERMS

Binary Symmetric Channel (BSC) - A channel through which it is

possi ble to send one binary digit per unit of time and for
which there is a probability p (0 <p <1/2), that the
output is different fromthe input. This probability does
not depend on whether the input is a zero or a one,
Successive input digits are affected by the channe

i ndependent|y.

Bl ock Encoding - A one-to-one transfornati on of sequences of |ength
k of elements of a source al phabet to sequences of |ength
n of elenments of a code al phabet, n>k.

Channel Synbol - The unit of output of the innernost encoder.

Codebl ock - A codebl ock of an (n,k) bl ock code is a sequence of n
channel synbols which were produced as a unit by encodin
a sequence of k information synbols, and will be decode
as a unit.

Code Rate - The average ratio of the nunber of binary digits at the

i nput of an encoder to the nunmber binary digits at its
out put .

Codeword - In a block code, one of the sequences in the range of the
one-to-one transformation (see Bl ock Encoding).

Concatenation - The use of two or nore codes to process data
sequentially with the output of one encoder used as the
i nput of the next.

Connection Vector - In convolutional coding, a device used to
SﬁeCIfy one of the parity checks to be perforned on the
shift register in the encoder. For a binary constraint
| engt h k convol utional code, a connection vector is a k-
bit binary munber. A "one™ in position i (counted from
the left) indicates that the output of the ith stage of
tEe Ehlft register is to be used in conputing that parity
check.

Constraint Length - In convolutional coding, the nunber of
consecutive input bits that are needed to determne the
val ue of the output synbols at any tine.

Convol utional Code - As used in this docunent, a code in which a
nunber of output synbols are produced for each input
information bit. Each output synbol is a Ilinear
conbi nation of the current input bit as well as sone or
all of the previous k-1 bits where k is the constraint
|l ength of the code.

GF(n) - The Galois Field, consisting of exactly "n* el enents.
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CCSDS RECOMMENDATION FOR TELEMETRY CHANNEL CODI NG

Inner Code - In a concatenated coding system the |[ast encoding

algorithmthat is applied to the data stream qu dat a
stream here consists of the codewords generated by f%e

out er decoder

Modul ating waveform - A way of representing data bits ("1" and "o")
by a particular waveform

NRZ-L - A nodul ating waveformin which a data "one" is represented
bx one of two levels, and a data "zero" is represented by
the other |evel.

NRZ-M - A nodul ating waveformin which a data "one" is represented
by a change in level and a data "zero" is represented by
no change in |evel

Quter Code - In a concatenated codin? system the first encoding
algorithmthat is applied to the data stream

Reed- Sol omon ("R-S') Symbol - A set of J bits that represents an
el enent in Gr(2J9), the code al phabet of a J-bit Reed-
Sol onon code.

Systematic Code - A code in which the input information sequence
appears in unaltered formas part of the output codeword.

Transparent Code - A code that has the property that conplenenting
the input of the encoder or decoder results in
conpl enenting the output.

Virtual Fill - In a systematic block code, a codeword can be divided
into an information part and a parity rﬁfqukP ar
Suppose that the information part is N'synbols [ong za
sy ol is defined here to be an elenent of the code's
a ﬁhabet) and that the par|iy part is msynbols [ong. A
"shortened" code is created by taking only S (s < N)
i nformation synbols as input, appending a fixed string of
length N-S and then encod|nP in the normal way. Thi s
fixed string is called "fill." Since the fill is a
predeterm ned sequence of symbols, it need not be
transmtted over the channel. Instead, = the decoder
appends the same fill sequence before decoding. In this
case, the fill is called "Virtual Fill." 0
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